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STELLINGEN 

1. De plasminogeen bindende vorm van Oj-antiplasmine beschermt 

t:egen systemische effecten, zoals afbraak van fibrinogeen en 

stollingsfactoren V en VIII, gedurende thrombolytische 

therapie. 

(dit proefschrift) 

2. De systemische effecten van thrombolytische therapie, zoals 

afbraak van fibrinogeen en stollingsfactoren V en VIII, 

kunnen bijdragen tot het ontstaan van bloedingen. 

3. Het bewijs dat een erfelijke afwijking in het fibrinolytisch 

systeem aanleiding kan geven tot thrombo-embolische com

plicaties ontbreekt. 

4. De aanname dat de in vivo conversie van de plasminogeen 

bindende vorm in de niet plasminogeen bindende vorm van ot,-

antiplasmine gelijk is aan de in vitro conversie, is onjuist. 

(Kluft C, et al. Blood 1986;67:616-622) 

(dit proefschrift) 

5. Een daling van histidine-rijk glycoproteïne bij patiënten met 

ernstige levercirrose leidt niet tot een versnelde 

fibrinolyse bij deze patiënten. 

(Saito H, et al. Am J Med 1982;73:179-182) 

(dit proefschrift) 

6. Het klinisch belang van de gemeten verhoogde fibrinolytische 

activiteit tijdens een orthotope levertransplantatie kan 

alleen worden vastgesteld, indien de activiteit wordt 

beschouwd in balans tot de remming van de fibrinolyse. 

7. De haemorrhagische diathese bij patiënten met een promyelo-

cyten leukemie wordt grotendeels veroorzaakt door een 

toegenomen fibrinolyse. 

(Äwisati G, et al. Br J Haematol 1988;70:43-48) 

(Bennett B, et al. Br J Haematol 1989;71:511-517) 



8. Infusie van weefsel plsisminogeen activator (t-PA) leidt, 

naast activatie van de fibrinolyse, ook tot activatie van de 

stolling. 

9. Het preventief effect van de opsporing van risicofactoren 

voor hart- en vaatziekten wordt gedeeltelijk teniet gedaan 

door de stress veroorzaakt door de bewustwording van de 

aanwezigheid van een risicofactor. 

10. Bij klinisch wetenschappelijk onderzoek dient evenveel nadruk 

te worden gelegd op kliniscdie betekenis als op statistische 

significantie. 

11. Beter een jet-lag dan een jet-leg. 

(Cruickshank JM, et al. Lancet 1988;i:497-498) 

12. Financiering van universi1:eiten op basis van het slagingsper

centage van studenten zal leiden tot kwaliteitsvermindering. 

13. Gelet op het belang van informatieuitwisseling in de genees

kunde, dient calligrafie deel uit tie maken van het prakticum 

klinische vaardigheden. 

14. Het mooiste zandkastieel is ooit los zand geweest. 

Stellingen behorende bij het proefschrift getiteld: "Clinical 

studies on fibrinolysis Inhibitors synthesized by the liver". 

Rotterdam, 14 februari 1990 Frank W.G. Leebeek 
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CHAPTER 1 

INTRODUCTION 



INTRODDCnON 

The formation of a fibrin clot after tissiie Injury prevents 

bleeding and initiates tissue repair by providing a solid matrix 

for new tissue growth. During and after the process of tissue 

repair, the clot Is degraded êuid the normal anatomy restored as 

far as possible. The process of dissolution of fibrin clots is 

called fibrinolysis (1). The haemostatic mechanism is regarded as 

a dynamic balance between coagulation and fibrinolysis (2). 

In recent years there has been a dramatic Increase in knowledge on 

fibrinolysis due to the discovery of several fibrinolysis proteins 

and the techniques to study these proteins in health and disease. 

The development of plasminogen activators for clinical use in tihe 

treatment of acute myocardial infarction has additionally caused a 

marked upsurge In Interest and research in fibrinolysis (3). 

Fitorinolvsis ?Tid «̂ T gueuse 

The clinical relevance of the fibrinolytic systiem is exampllfied 

by the various congenitial disorders of fibrinolysis (4,5). For 

instance patients with a congenital homozygous deficiency of 02-

antiplasmin have a life-long haemorrhagic diathesis, sometimes 

resulting in severe disability (6,7,8). In addition to the 

congenital disorders, acquired disorders of fibrinolysis In 

various disease states, such as liver disease (9), acute 

promyelocytic leukemia (10), coronary artery disease (11), 

disseminated intravascular coagulation (12), nephrotic syndrome 

(13) and diabetes mellitus have also been reported (14). 

In patients with congenital or acquired disorders of fibrinolysis, 

the fibrinolytic system does not function normally and tihis can 

lead to either bleeding, due to Increased fibrinolysis or to 

thrombo-embolic conplications, due to decreased fibrinolysis 

(9,10,11,15). 

The liver plays a major role in the systemic regulation of 

fibrinolysis, since It is Involved in both the synthesis and the 

clearance of most proteins of the fibrinolytic system (16). A 

decrease of liver function in patients with liver disease will 

therefore lead to multiple changes in fibrinolysis. This can 

contribute to the bleeding problems observed in these patients 

(17). 



OJjJecfcLves of the study 

In this thesis studies on congenital and acquired disorders of the 

fibrinolytic systiem, with emphasis on the Inhibitors of lihe 

fibrinolytic systiem, are described. This was initiated to obtain 

more information on the fibrinolytic system, and to obtain insight 

into the mechanism of ehhémcement of fibrinolysis in patients with 

liver disease. 

In chapter 2, a concise review on the fibrinolytic system, on the 

role of the liver in tihe regulation of the fibrinolytic system and 

an overview on the literature on fibrinolysis in liver disease are 

given. In the other chapters biochemical emd clinical studies on 

fibrinolysis inhibitors are reported. In the last two chapters we 

report investigations on the fibrinolytic system in patients with 

liver cirrhosis. 

The alms of the studies were: 

1. To evaluate the clinical outcome in some patients with a 

congenitial heterozygous deficiency of 

a) 02-antiplasmin, the major inhibitor of plasmin (chapter 3) 

or of 

b) plasminogen, the zymogen of plasmin in the circulation 

(chaplier 4). 

2. To study, in patients with acute myocardial infarction, the 

consumption of the plasmin inhibitors in relation to 

systemic effects during thrombolytic therapy (chapter 5). 

3. To obtain more Insight into the behaviour of the two 

molecular forms of a2-antlplasmln and to evaluate the 

mechanism of the conversion of the active plasminogen 

binding form into the less active non-plasmlnogen binding 

form of a2-antlplasmln (chapter 6). 

4. To study the fibrinolytic system in patients with liver 

cirrhosis, with special attention to the balance between 

pro- and ëuitifibrlnolytio factors at several levels of the 

fibrinolytic system (chapter 7 & 8). 
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2.1 INTRCH3DCII0N 

Liver disease is frequently conplicalied by clinically significant 

bleeding (1,2,3). The incidence of bleeding has been estimated to 

be 32 % in patients with cirrhosis of the liver emd is sometimes 

life-threatening (4) . The bleeding may be due to local 

abnormalities, for Instance bleeding from varices or ulcers, but 

may be also due to changes In haemostasis (3). Changes in the 

haemostatic mechanism have been reported in 75-85 % of the patients 

with liver disease (5,6). The coagulopathy in patients with liver 

disease may be caused by chemges in coagulation factors, in 

platelets or vessel wall function or in fibrinolysis, and seems 'to 

be multifactorial in most patients (1,2). We have concentrated on 

the effectis of liver disease on the fibrinolytic system éind this 

introduction will give an overview on fibrinolysis in liver 

diseases. A concise survey of the haemostatic mechanism, with 

enphasis on the fibrinolytic system will be presented; the role of 

the liver in the regulation of fibrinolysis will be discussed and, 

finally, the literature on fibrinolysis In liver disease and tihe 

management of disorders of fibrinolysis in liver disease will be 

reviewed. 

2.2 HAHKXSTASIS 

The haemostatic mechanism is a dynamic balance between coagulation 

and fibrinolysis (7). The haemostatic mechanism ensures that, after 

tissue injury, a clot is formed, which prevents blood from leaking 

out of vessels. In addition, this mechanism also cares for the 

dissolution of these clots aftier tissue repair. 

2.2.1. VESSEL WALL, FUTEI£IS AND CQAGOIATION 

As soon as the vessel wall is injured, platelets attach to the 

sidsendothelial collagen (platelet adhesion). This process is 

mainly mediated by coagulation factor VIII:von Willebrand and 

fibronectin. IXirlng adhesion of platielets, several factors are 

secretied by the platelets, which Induce platelet aggregation. In 



addition throinboxane A2 is formed, which induces vasoconstriction 

and platelet eiggregation. During this process of platelet adhesion 

and aggregation, the coagulation cascade is activated. Coagulation 

can be initialled by several types of factors, which are all related 

to vessel wall Injury. The coagulation system consists of the 

extrinsic and the intrinsic cascade, vAlch have several 

interrelations. The extrinsic clotting pathway is triggered by 

tissue factor, vAilch is exposed by the Injured cells (figure 1). 

The intirlnslc palihway is stiarted by coagulation factor XII, which 

is triggered by negatively charged surfaces, i^so high molecular 

weight kinlnogen and kalllkreln are involved. Triggering of each of 

the coagulation pathways results finally in formation of soluble 

fibrin monomers, which polymerise and are converted to insoluble 

fibrin polymers by activated factor XIII (figure 1) (for recent 

reviews see 8,9). 

HMWK 

kall lkreln 4 - prekall ikrein 

CONTACT ACTIVATION 

- negatively charged surfaces 

- platelets 

» activation 

41 inhibition 

fibrinogen 

I protein S 
protein C 

Figure 1: Schematic presenilation of the coagulation cascade. 
Extensive description is given In the tiext. AT-III= 
antithrombin III; HC-II= heparin co-factor II; HMWK= 
h l ^ molecular weight kinlnogen. 
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2.2.2 FTBRINOLXSIS 

Fibrin, the end product of the activated coagulation system has 

only a temporary function. During tissue repair, fibrin is 

degraded. Hie process of fibrin breakdown to solxible fibrin 

degradation products Is called fibrinolysis (10). Various plasma 

protieins are involved in the regulation of fibrinolysis. The 

interaction between fibrin and some of the proteins of tihe 

fibrinolytic system is responsible for the fibrin specificity of 

this proteolytic mechanism (11). Disorders of the fibrinolytic 

mechanism can lead to either a haemorrhagic diathesis, in enhanced 

fibrinolysis, or a thrombotic diathesis, in reduced fibrinolysis 

(12). 

XII ^ activation 

I inhibition 

> destruction 

prekall ikrein 

HRC HI plasminogen plasmin | | ^ — aj-macroglobulin 

C.-inactivator 

fibrinogen ^ f ibr in 

degradation 

products 

fibrinogen 

degradation 

products 

Figure 2: Schematic presentation of the fibrinolytic system, i^ 
extensive description is given in the tiext. HRG= 
histidlne-rlch glycoprotein; PAJ= plasminogen activator 
inhibitor; t-PA= tissue-type plasminogen activator; u-
PA= urokinase-type plasminogen activator. 
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As is schematically shown in figure 2, fibrin is proteolytlcally 

degraded to fibrin degradation products by plasmin, the key enzyme 

of fibrinolysis. Pletsmln is formed by activation of plasminogen by 

plasminogen activators, such as tissue-type plasminogen activator 

and urokinase-type plasminogen activator. Fibrinolysis is 

controlled by fibrinolysis inhibitors: plasminogen activator 

inhibitors act at the level of plasminogen activators, histidlne-

rlch glycoprotein regulaties the amount of "free" plasminogen in the 

circulation sand a2-antlplasmln is the main inhibitor of plasmin. 

a2-Mäcrogl6bulin and Cj^-lnactlvator eure less potent inhibitors of 

plasmin. 

2 . 2 . 2 . 1 PT^gfn-inntywi 

Plasminogen, a glycoprotein with a molecular mass of 92,000, is 

synthesized by the liver and occurs in plasma at a concentration of 

1.5 juM (140 mg/1) (13). Plasminogen is Incorporated in the clot 

during clot formation and can thus be activated vAiere plasmin 

activity is required. Plasminogen is activated to plasmin by 

plasminogen activators. The native plasminogen molecule (Glu-

plasminogen) is a single chain. Lys-plasminogen is formed by 

plasmin cleavage of the first 76 amino acids from Glu-plasmlnogen 

(14). Lys-plasminogen has a higher affinity for fibrin and is also 

more susceptible tio activation to plasmin by activators (15). 

Activation of plasminogen to plasmin is accomplished by cleavage of 

lihe peptide bond between i^-561 and Val-562 by plasminogen 

activators. Plasmin consists of a heavy chain with five kringle 

structures and a light chain (13). The kringle structures and the 

active site region harbour lysine binding sites (14). Lysine 

binding sites are Involved in tihe binding, amongst others, to 

fibrin, a2-antiplasmln, hlstldine-rlch glycoprotein and 

thrombospondln (16). The light chain contains tihe active site of 

plasmin. Both chains remain bound to each other by a disulfide 

bridge. The heavy chain binds to fibrin, vAille fibrin is degraded 

by the light chain (17). 

A deficiency of plasminogen, either due to a decreased synthesis of 

a normal molecule or due to synthesis of an abnormal dysfunctional 

molecule. Is associated with deep venous thrombosis (18,19). 

12 



2 . 2 . 2 . ? P1agwinfvy»n f c t i v a t o r s 

Two separate groups of plasminogen activatiors can be distinguished: 

endogenous emd exogenous plasminogen activators. The endogenous 

activators are tissue-type plasminogen activator, pro-urokinase 

(single chain urokinase-type plasminogen activator, scu-PA), 

urokinase (two-chain urokinase-type plasminogen activator; tcu-PA) 

and a factor Xll-dependent activator. Exogenous plasminogen 

activators are streptokineise and acylated plasminogen streptokinase 

activator complex (i^PSAC). Some endogenous activatiors (t-PA and u-

PA) and mutants of these plasminogen activators are at present 

produced in large amounts by recombinemt IXIA techniques and used 

e}^>erlmentally for thrombolysis. 

a) Tissue-type plasminogen cu:1iivator (t-FA) 

Tissue-type plasminogen activator (t-PA) is mainly synthesized by 

endothelial cells and has a plasma concentration of about 5 /xg/1 

(20). The activation of plasminogen by t-PA is markedly accelerated 

in tihe presence of fibrin, up to 200-400 times faster (21). This 

ei^lains the fibrin speclficiliy of t-PA. The amount of t-PA 

incorporated in the clot is dependent upon the plasma concentration 

(22). The rate of fibrinolysis in turn is dependent upon the t-PA 

concentration in the clot. Local triggers of t-PA secretion from 

endothelial cells seem therefore to be of major importance. 

T-PA concentration both in the circulation and locally can be 

Increased by exercise, venous stasis, infusion of Desmopressin 

(DDAVP), anoxia, acidosis and several clotting factors, such as 

thrombin, bradykinin and activated protein C (23,24,25). The 

activity of t-PA in the circulation is controlled by inhibitors 

(plasminogen activator inhibitors 1,2 and 3) (26). 

T-PA has a short half-life in the circulation of about four 

minutes. It is rapidly cleared by the liver (27,28). i^ increase of 

t-PA activity in the circulation may be associatied with a bleeding 

tendency (29), whereas a deficient t-PA response to venous stasis 

has been found in patients with deep venous tihrombosis (30). It has 

also been suggested that decreased t-PA levels may have predictive 

value for the recurrence of myocardial infarction (31). 

b) urokinase-type plasminogen cu:±ivator (u-BA) 

Urokinase-type plasminogen activator (u-PA) circulates in plasma as 

13 



a pro-enzyme (pro-urokinase or scu-PA) and can be activated to u-PA 

by plasmin emd also by kalllkreln (32). Pro-urokinase is a 

plasminogen activator, with a fibrin specific mechanism, «Aiich is 

different from t-PA. U-PA has been demonstrated in urine emd plasma 

and is secreted by several cell types Including fibroblasts, 

epithelial cells, pneumocytes, endothelial cells emd kidney cells 

(33,34,35,35a). The plasma concentiratlon of u-PA is virtually zero, 

of pro-urokinase is 2.3 ± 0.3 /ig/1 and the sum of u-PA, pro-

urokinase and u-PA-inhibitor conplexes is 3.5 ± 1.5 Mg/1 (36). 

c) Plasminogen actiivatar froa the XII dqiendent pathway 

A third plasminogen activator (F Xll-dependent plasminogen 

activator) has been postulated in pleisma. Its Identity and 

properties eure not fully clarified (37). 

d) Exogenous plasminogen activators 

Among tihe exogenous plasminogen activators, streptokinase is most 

widely used (38). Streptokinase is a protein derived from ß -

haemolytlc Streptococci and has a molecular mass of 47,000 (39). 

The mechanism by vAilch streptokinase activaties plasminogen is 

different from that of the above mentioned activators. 

Streptioklnase forms a 1:1 conplex with plasminogen, which results 

in a molecular reeunrangement in the plasminogen molecule. The 

plasminogen molecule in the complex can activate pleisminogen. The 

stireptoklnase-plasmlnogen complex has affinity for fibrin and, once 

bound to fibrin, it can also activate plasminogen at the fibrin 

surface (40). 

Other plasminogen activators include acylated plasminogen 

streptokinase activator complex (iVPSAC), recombinant tissue-type 

plasminogen activator and recombinant pro-urokinase. These 

plasminogen activators are being used in the treatment of acute 

myocardial Infarction, deep venous thrombosis and pulmonary 

embolism (41). 

2.2.2.3 Tnh-ihitors of fibrlnolvsls 

a) a2-'antiplasmijn 

a2-antiplasmin (a2-i^) is a glycoprotein with a molecular mass of 

67,000 and a concentration in plasma of 1.0/JM (67 mg/1) (42,43,44). 

It is synthesized by the liver wltih a synthesis rate of 2.1 

14 



mg/kg/day and has a half life in plasma in vivo of about 60 hours 

(45). a2-i^ occurs in plasma in two molecular forms: a very active 

plasmlnogen-binding form (PB-a2-AP), which is synthesized by the 

liver and a (less active) non-plasmlnogen-blndlng form (NPB-a2-i^), 

formed in the circulation by conversion from PB-a2-AP (46). The 

ratio of PB-a2-AP to NPB-a2-AP in plasma is eJx}Ut 2.1 (46). a2-AP 

belongs to the serpln superfamily emd is the major inhibitor of 

plasmin. It acts by forming a 1:1 stoichiometric conmlex with 

plasmin (PAP-conplex) (47). 

PB-a2-i^ not only inactivates plasmin, it also has the ability to 

bind to plasminogen and can be cross-linked to fibrin by factor 

XIIIA (48,49). The NPB form cem only slowly inhibit plasmin (50). 

The three aforementioned properties of PB-a2-i^ meüce it the most 

Ixportemt inhibitor of plasmin in circulation. A decrease in a2-i^ 

may result in enhemced fibrinolysis emd a haemorrhagic diathesis. 

Patients with a congenitial homozygous 02-AP deficiency have been 

reported to suffer from a life-long, haemophilia-like, haemorrhagic 

diathesis (51,52,53). Heterozygous deficient patients are reported 

to have mild or no bleeding problems (for a review see 54). 

Acquired a2-iVP deficiency has been reported in several disease 

states most of which are associatied wilih a severe bleeding 

tendency. These deficiencies may be due to a decreased synthesis 

such as in liver insufficiency (55) and asparaginase therapy (56), 

or to an increased consun^ion, for Instance in case of 

dlssemlnatied intraveiscular coagulation, promyelocytic leukemia 

(57), emyloidosis (58) and thrombolytic therapy (59). An Increase 

of a2-AP may theoretically result in a decreased fibrinolysis and 

therefore predispose to thrombosis (60,61). However only few 

patients with elevated 02-i^ levels and venous thrombosis have been 

described so far. In one patient, who was followed over a longer 

period, the a2-AP levels normalised spontaneously over a period of 

one year (61). 

b) Histidine-ricb glyocfxrotein 

Histidine-rich glycoprotein (HRG) is a glycoprotein with a 

molecular mass of 80,000, which occurs in plasma at a concentration 

of 1.8 /dï (150 mg/1). It is tJiought to be synthesized mainly in the 

liver (62,63). HRG may play a regulatory role in the fibrinolytic 

mechanism by Interacting with the lysine binding sites of 
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plasminogen (64). By complex formation with plasminogen, HRG 

reduces the amount of "free" plasminogen in circulation. 

Plasminogen bound to HRG is not available for binding to fibrin and 

subsequent activation to plasmin at the fibrin surface. HRG is 

therefore considered to be an Inhibitor of fibrinolysis. The 

physiological role of HRG has not yet been established (review 65). 

A familial Increase of HRG has been found in some families with 

tihrombophllia (66,67). A decrease of HRG has been reported in 

several disease states. Including liver disease, sepsis, 

disseminated intravascular coagulation and systemic lupus 

erythematodes (62,68), and also during pregnancy and in women 

taking oral contraceptives (69). 

c) a2-iiacroglobulin 
a2-Macxoglobulin (02-M) is a protease Inhibitor with a variety of 

actions. It is a glycoprotein with a molecular mass of 725,000 and 

a plasma concentration of 3.0 fOl (2.2 g/1) (70). It is syntiheslzed 

by the liver, macrophages and fibroblasts (71). Its role in the 

inhibition of fibrinolysis is due to inhibition of plasmin emd u-PA 

and t-PA (72). a2-M only inhibits plasmin after a2-iVP is consumed, 

for Instance during thrombolytic therapy, when the fibrinolytic 

system is extensively activated (73,74). Plasmin is covalentiy 

bound tio give an a2-M-plasmln complex, vdilch is recognised by the 

cells of the reticuloendothelial system and removed from the 

circulation (73). Increased levels of a2-M are found in pregnancy 

and in women taking oral contraceptives (75), in renal disease, 

rheumatoid artihritls and several other diseases (for review see 

76). A congenital deficiency of 02-inacroglobulin has been described 

occasionally and is not associated with a clinically relevant 

disorder of haemostêisis or changes in coagulation tests (77). 

d) Cj^-Inactivator 
Ci-Inactivator (C^-INA) is a protease Inhibitor, which belongs to 

the serpln superfamily. It has a molecular mass of 105,000 (78). 

It is mainly synthesized in the liver and has a plasma 

concentration of l .SfM (150 jug/l) • It has multiple functions in tihe 

regulation of haemostasis. Ĉ -̂INA can inhibit components of the 

complement system and the coagulation facliors XIa emd Xlla, and is 

the predominant inhibitor of plasma kalllkreln (79). Cĵ -INA 
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inhibits plasmin, kalllkreln and t-PA (79,80). Little is known 

however about its role in plasmin inhibition in vivo. A deflclencfy 

of Cj^-inactivator is associated wltih hereditary emgioedema, but not 

with clinically evident changes in haemostasis (81). 

e) Pletsmlnogen activator ihhibitcn>l (BAI-1) 

Pi^-1 is the most important inhibitor of plasminogen activators in 

blood (82,83,84). PAI-1 is a glycoprotein with a molecular mass of 

52,000. The PAI activity levels in plasma of healthy Individuals 

show a large interindividual variation remging from 0.0 to eüsout 

1.3 nmol/L (26). PAI-1 is synthesized by endotihelial cells and 

human hepatocytes in culture and several other cell-types 

(85,86,87). It is also present in blood platelets in a 20-fold 

higher concentration them in plasma (88). The active form of PM-1 

reacts with u-PA and t-PA, resulting in complexes without 

plasminogen activator activity (89). PAI-1 is cleared from the 

circulation by the liver emd its half life in plasma is about 20-40 

minutes (28,90). 

A deficiency of PAI-1 may lead tio a haemorrhagic tendency, 

resulting in persistent bleeding after minor trauma (91). The role 

of PAI-1 levels in thrombo-embolic disease is not yet cleeu:. It has 

been suggested that a high basal Pi^-1 level blocks the normal 

local Increase in t-PA activity in venous stasis, and that this may 

be associated with idiopathic deep venous thrombosis (27,92). 

Recently, it was suggested that Increased PAI-1 levels could 

predispose to the development of acute myocardial Infarction 

(31,93). 

f ) Pleisminogen activator iiihibitor-2 

Plasminogen activator inhibltor-2, formerly called placenta-type 

plasminogen activator inhibitor, is a glycoprotein with a molecular 

mass of 48,000 and is most probably synthesized by macrophages, 

especially in human placenta (94). Recently Pi^-2 was also found to 

be synthesized by lymphoma cells (95). PAI-2 Inhibits u-PA more 

effectively them t-PA (94). PAI-2 only occurs in plasma during 

pregnancy. A concentration of Pi^-2 of 100 ^g/L has been found in 

the third trimester of pregnancy, \diich returns to nonpregnant 

values after delivery (96). The physiological role of PiU:-2 during 

pregnancy has not yet been estiabllshed. 
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g) Plasminogen actiivator iiihibitor-3 

Recently evidence has been obtained that plasminogen activator 

lrihibitor-3 is identical with protein C inhibitor (97). PAI-3 is a 

single chain glycoprotein with a molecular mass of 50,000. It is 

synthesized by the liver emd occurs in pleisma at a concentration of 

2-5 fig/lj (97). It is involved in two antithrombotic mechanisms, 

i.e. the protein C system emd the fibrinolytic system. It is the 

major ihhibilior of activated protein C emd is involved in 

inhibition of u-PA (97). Its {Aiysiological role is not clear, since 

no deficiencies of PAI-3 have been described so far. 
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2.3 ROUS OF THE LIVER IN THE REGDIATIOH OF FIBRINOLYSIS 

2.3.1. LIVER PHYSIOLOGY 

The liver heis several functions, such as the metabolism of amino 

acids and carbohydrates, synthesis emd clearemce of proteins, 

metabolism of drugs and hormones, and regulation of the lipid and 

cholesterol metabolism. In this paragraph we will focus on the role 

of the liver in the metiabollsm of the protieins of the haemostatic 

mechemism, especially of those of the fibrinolytic mechanism. 

Coagulation: The liver is the source of many coagulation factors. 

Including fibrinogen, factor II, V, VII, VIII, IX, X, XII, XIII and 

prekallikrein and high molecular weight kinlnogen (98,99). The 

liver is the sole source of some of these protieins. However, some 

proteins are also synthesized elsewhere, for Instance factor 

VIII :vWF by endothelial cells and factor XI and XII by the 

reticulo-endothelial system. The coagulation factors II, VII, IX 

emd X are vitamin K-dependent factors (100). Inhibitors of the 

coagulation system, such as antithrombin III, an inhibitor of 

factor IIa, Xa and XIa (99), as well as protiein C, an inactivator 

of factor Va and Villa, and its co-factor protein S are also 

derived from the liver (98). 

i^dditlonally, the reticulo-endothelial system of the liver is 

involved in the clearance of activated coagulation factors and 

their degradation products from the circulation (101,102). 

FilMrinolvsis: In 1964, von Kaulla stressed the liq>ortant role of 

the liver in the regulation of fibrinolysis. He demonstrated the 

inhibitory role of the liver on the fibrinolytic mechanism in a 

patient undergoing a homotransplantatlon of the liver (103). 

Current insights into the involvement of the liver in fibrinolysis 

are summarized in table 1 aivl 2. As can be seen, the liver is 

involved in the synthesis and clearance of most proteins of the 

fibrinolytic mechanism. 

a) Synthesis function of the liver 

The liver synthesizes plasminogen (104,105) emd the fibrinolysis 

Inhibitors a2-antipleu5min (106,107), histidlne-rlch glycoprotein 

(63), a2-macroglobulin (71) and Ci-inactlvator (108) (table 1). 
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Table 1. Involvement of the liver 

ERDTEIN 

Plasminogen 

Urcklnase-'type 
plasminogen 
activator 

Tissue-'t^pe 
pleisminogen 
activator 

Histidlne-rlch 

glycoprotein 

a2-i^ntlpleismin 

a2^facroglobulin 

C3^-Inêictivatar 

Plasminogen 
activator 
ihhibitor-l 

Plasminogen 
actiivator 
ihhibitor-2 

Plasminogen 
activator 
lrihibitQr-3 

in fibrinolysis: synthesis* 

SYMIHESIS 
LIVER OŒHER CFTiTS 

hepatocytes 

hepatana cells 

hepatocytes 

hepatocytes 

hepatocytes 

hepatocytes 
hep G2 cells 

hepatocytes 
hepatcna cells 

hepatoma cells 

epithelial cells 
fibrcblasts 
pneuonocytes 
endothelial cells 
kidney cells 

endothelial cells 

macrophages 
platelets ^ 

platelets ^ 

monocytes 
fibroblasts, macro
phages, lynphocytes 

monocytes 
U93 lymphoma 
mBgaceu:yucytes 

endothelial cells 
platelets ^ 
other cell types 

macrophages ^ 
leucocytes 
other cell types 

MftJOR RRRUIATICN 
FACTORS 

pes acute phase 
estrogen 
anelbollcs 

venous stasis 
thrcnbin 
IXIAVP, anoxia 

sex steroids 
neg acute phase 

pos acute phase 

sex steroids 

anabolics 

pos acute phase 
Insulin 
anabolics 

sex steroids 
endotoxins 

REFERENCE 

104,105 

33,34 
114 

35 
35a 

20,23,24 
25 

63 
t i c 
115 

106,107 

71,116 

108,78 

86,87 
88 
review 85 

94 
117 

87 

* Ihls table sumnarlzes the previous paragre^iis on liver Involvement in fibrinolysis. 
This t a b l e is, however, not ccnplete. Other proteins with a (possible) regulatory 
role in fibrinolysis, such as protein C and S, tetranectin, F XII, F XIIIA, 
kalllkreln and h l ^ molecular wei^it kininogen (HMHK) are eü.so (in part) synthesized 
by the liver. Extensive description is outislde the scope of this review. 
^ found to be present in platelets 
^ reported in placental macrophages 

20 



î ddltionally, it may account for a part of the synthesis of PAl-1 

(87). Presuming that PAI-3 is identical with protein C inhibitor, 

the liver also synthesizes PAI-3 (98). We cem conclude that the 

liver is the major site of synthesis of the presently known 

proteins of the fibrinolytic cascade. Only tissue-type plasminogen 

activator, plasminogen activator inhibitor 1 and 2 emd pro-

urokinase are solely or in part synthesized outside the liver. 

b) deetranoe function of the liver 

The other function of the liver in fibrinolysis is the clearance of 

several fibrinolytic proteins such as the plasminogen activators 

urokinase (109) and t-PA (27,28,110,111), emd the iidiibitor PAI-1 

(28,90). The evidence for the clearance fimction of the liver has 

been obtained from both clinical and experimental studies (table 

2). 

Additionally, the reticulo-endothelial cells of the liver can clear 

enzyme-inhibitor complexes, such as plasmin-a2-emtlplasmln 

complexes or conplexes of a2-macroglobulln with different proteases 

(112,113). 

Table 2. Involvement of the liver in fibrinolysis: clearance 

PROTEIN 

Tissue-type plasminogen 

PLASMA HALF LIFE 

activator 

Pro-urokinase, urokinase 

Plasminogen activator 
inhlbitor-1 20-40 min 

Plasmin-a2-antiplasmin 
complexes 

Protease-a2-macroglöbulin 
complexes 

2 - 4 min 

15 min 

28,90 

12 hours 

5 min 

REFERENCE 

27,28,110,111 

109 

112 

113 
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2.3.2 UVER DISEASE 

Liver diseases can be subdivided in acute and chronic disorders. 

Clizonic liver disease: 

The most common chronic liver disease is cirrhosis of the liver. 

Cirrhosis of the liver is defined as a diffuse process 

characterized by fibrosis and a conversion of normal architecture 

into structurally abnormal nodules. In most of the patients, 

cirrhosis is caused by chronic alcohol abuse or viral hepatitis 

(postmecrotlc cirrhosis). Other types of cirrhosis eure primary 

biliary cirrhosis, pigment cirrhosis (hemochromatosis), cirrhosis 

associatied with Wilson's disease or aj^-emtitrypsin deficiency and 

cryptogenic cirrhosis. 

Cirrhosis of the liver results in a reduced synthesis activity, 

caused by a decrease in the number as well as in the function of 

the hepatocytes. A reduced dietary intake of amino acids may 

contribute tio deficient protein synthesis. 

As a result of nodular regeneration and of the abnormal 

architiecture of the liver, the vasculeur resistance in the 

sinusoidal bed of the liver Increases. This causes a rise of the 

portal venous pressure (portal hypertension). Collateral vessels 

increase in size, which results in portal systemic shunting. Portal 

hypertension is usually associatied with reduced hepatic clearance 

of substances including peptides \rtilch eure rapidly cleared by the 

healthy liver. 

Acute liver disease: 

Fulminant or acute hepatic failure is often viral or tioxic in 

origin and is defined as the occurence of encephalopathy secondary 

to severe liver dysfunction wltihln 8 weeks of the onset of symptoms 

emd in the absence of pre-existing liver disease. It can be due to 

viral hepatitis (A,B or non-A,non-B virus), drugs or chemical 

intoxication or circulatory changes (118). In acute severe liver 

disease, there is marked hepatocellular damage, which results in a 

decreased synthesis function of the liver and decreased clearance 

capacity, often without portal hypertension (119). 
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2.4 CQAGOIOBATBY IN CHROIIC LIVER DISEASE 

2 . 4 . 1 OQAGDIAnON 

Since the liver is involved in the synthesis of many proteins of 

the haemostatic system it is evident that loss of liver function 

cem result in decreased levels of coagulation factors (1,2,3). The 

coagulopathy in liver disease is tisually multlfactiorlal. In 

addition to the decreased synthesis there may be decreased 

clearance of activated coagulation factors emd syntihesis of 

eüsnormal clotting factors (e.g. dysflbrlnogenemia) (120,121). In 

addition platelet number and platelet function may be decreased 

(122). Finally it has also been suggested that disseminated 

intravascular coagulation may contiribute to the coagulopathy in 

liver disease (123). i^ several excellent reviews on the changes of 

the haemostatic mechanism in liver disease have been published, we 

will discuss mainly the changes in the fibrinolytic system 

(1,2,3,123). 

2.4.2 FIBRINOLYSIS 

Since the liver is involved in the regulation of the fibrinolytic 

cascade, liver disease cem result in changes in fibrinolysis, often 

manifesting as enhanced fibrinolysis. Most studies have been 

performed in patients with chronic liver failure, as will be 

reviewed below. Fibrinolysis in otiher types of liver disease, such 

as acute hepatic failure and obstructive jaimdice will be discussed 

separately. 

2.4.2.1 Historical backiground 

The first studies on fibrinolysis in liver disease were mostly 

performed by clot-lysis experiments on plasma of patients with 

various liver diseases. The assessed fibrinolysis (fibrinolytic 

activity) in vitro, however, reflects the fibrinolytic potential in 

plasma of these patients, but does not necessarily reflect tihe 

situation in vivo. The assessment of reaction products of 

fibrinolysis may indicatie fibrinolysis in vivo. In tihis paragraph 

the early findings of studies on fibrinolysis are briefly reported. 

Gooc^asture was the first to demonstirate that enhanced fibrinolysis 
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in vitro was common in liver cirrhosis (124). In 1914 he reported 

spontaneous lysis of plasma clots of four patients with liver 

cirrhosis. The clottied plasma was Incubated at 37*C and lysed 

within sixteen hours. In contrast, clots of healthy volimteers 

remained unlysed for mai^ days. Since then, several authors have 

reported enhemced fibrinolysis in liver cirrhosis (125-135). 

Rattnoff described clot lysis studies in patients with alcoholic 

cirrhosis in comparison with normal volunteers. He found rapid 

fibrinolysis in almost all the cirrhotics (125). 

Kwaan et al studied tihe fibrinolytic mechanism in 30 patients with 

liver cirrhosis (126). Fibrinolytic activity was measured by a 

quantitative technique in vdilch plasma was clotted by the addition 

of thrombin, and fibrin levels were measured before and after 6, 12 

and 24 hours incubation at 37°C. The cirrhotics had an increased 

fibrinolytic activity compared to healthy volunteers. They found no 

relation between tihe severity of the disease and the Intensity of 

fibrinolysis (126). 

The increase of fibrinolysis was, however, not found by all 

investigators (136-138). In most of the studies some patients had 

accelerated fibrinolysis, whereas others had normal rates 

(138,139). Grossi et al found in 51 patients with liver cirrhosis 

an abnormal spontianeous proteolytic activity in 49% of the patients 

(131). In 1971 Van de Loo and Schmlessing reviewed the results of 

20 studies on fibrinolysis in liver disease (139). They concluded 

that most studies showed enhanced fibrinolysis. Their own study of 

80 patients with various liver diseases showed no correlation 

between the severity of disease and fibrinolytic activity (139). 

The mechanism of enhanced fibrinolysis in liver diseases has been a 

subject of many studies. Van de Loo mentioned three mechanisms for 

Increased fibrinolysis: 

1. Increase of activators of the fibrinolytic system due to a 

decreased clearance or em increased synthesis of activators. 

2. Reduced Inhibition of fibrinolysis due to a decreased 

synthesis or increased consumption of inhibitors. 

3. Local mechanisms giving rise to Increased fibrinolysis within 

the liver, for instance a local increased level of 

plasminogen activator. ^ I s last mechanism is no longer 

considered to be of major Inportance. 
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ad 1) The decreased hepatic clearemce of plasminogen activators in 

cirrhosis as the pathogenetic mechanism of hyperfibrinolysis was 

suggested firstly by Fletcher et al (140). They showed em abnormal 

fibrinolytic response in cirrhotic patients, vtio were injected with 

nicotinic acid, which is known to enhance the levels of plasminogen 

activator in plasma. This was ascribed to a defective clearemce of 

plasminogen activator by the cirrhotic liver (140). These results 

were confirmed by Tytgat et al (136). Das et al showed that after a 

physiological stlimilus such as exercise, the plasminogen activator 

response in some of the cirrhotic patients was excessive in terms 

of either the initial response and/or in the prolongation of the 

recovery period (141). lOraan et al showed that infusion of 

adrenalin resulted in a higher and prolonged response (i.e. 

increased fibrinolytic activity) in patients with liver disease as 

compared with healthy individuals. This increased response may be 

due to a decreased clearance of plasminogen activators by the liver 

in cirrhotic patients, since adrenalin Infusion increases the 

levels of plasminogen activator in blood (24,25). 

Mowat et al and Ogston et al demonstrated increased levels of 

plasminogen activator activity in blood of patients with liver 

cirrhosis (134,138). In all the above mentioned studies only 

plasminogen activator activity was measured. As a consequence they 

do not reveal whether this increase in activity is due to an 

increased concentration of activators or to a decrease of activator 

inhibitors. 

ad 2) Several autihors suggested that low levels of inhibitors of 

fibrinolysis were the cause of hyperfibrinolysis in cirrhosis 

(103,142). 0'Connell et al showed a decrease of Inhibitors of 

fibrinolysis in serum of patients with alcoholic cirrhosis (142). 

They measured the inhibitors of plasminogen activators as well as 

of fibrinolysin (plasmin). This was confirmed in several other 

studies (126,128,136). Tytgat et al suggested tihat the decrease of 

inhibition of fibrinolysis might contribute to the excessive 

response of plasma fibrinolytic activity of cirrhotic patients 

(136). 

ad 3) Denk et al demonstrated fibrinolytic activity in liver 

biopsies of cirrhotic patients (143). Their study revealed that 

this was due to local increase of plasminogen activator. It has 

been suggested by i^trup et al that new blood vessels wltih high 
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fibrinolytic activity may grow into the liver during tissue repair 

in cirrhosis (128). This proposed mechemism for the increase of 

fibrinolytic activity has been abandonned. 

2.4.2.2 Recent eidvanoes 

The increeised Interest in the fibrinolytic systiem in the latie 

seventies emd eighties has led to more studies and enwidened 

knowledge on fibrinolysis in liver disease. Several new factors 

have been purified and the role of these factors is becoming more 

clear (144). We have subdivided the studies performed in patients 

with liver cirrhosis in recent years in three groups: studies on 

the availability of plasminogen, on the plasminogen activators and 

on the inhibition of fibrinolysis in blood. 

a) Pleœminogen in liver disease 

Liver disease is associated with a decrease in the levels of 

plasminogen in plasma (140,145). This decrease can be explained by 

the fact that plasminogen is synthesized by lihe liver. In patients 

with severe liver cirrhosis there is in addition an Increased 

consumption of plasminogen (146,147). In theory tihis should result 

in a decreased fibrinolytic potential emd these chemges in 

plasminogen levels are appeurently in contiradlction to the growing 

evidence of enhanced fibrinolysis in liver disease. 

b) Pleisminogen a c t i v a t o r s i n l i v e r diseeise 

As summarized above, several investigators have found increased 

levels of plasminogen activator activity in blood of patients with 

liver disease (134,138,140). With recently developed assays it is 

possible to assess whether this is due to increased concentrations 

of plasminogen activators or to decreased concentrations of their 

inhibitors. In addition, the types of plasminogen activator 

responsible for the activity can be discriminated. 

Tlssue-̂ type plasminogen activator (t-PA) : Juhem-Vague et al showed 

an increase of t-PA antigen in liver disease (148). Booth et al 

found that t-PA antigen was considerably increased in patients with 

alcoholic liver cirrhosis (149). iU.1 patients in their study had an 

increased fibrinolytic activity in vitro as judged by a fibrin 

plate assay (149). Boks et al failed to find increased fibrinolytic 
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activity in patients wltih non-alcoholic or alcoholic liver 

cirrhosis. Although a large variability in values was observed, the 

mean values tended to be lower than that of normal controls (150). 

However, the levels of t-PA antigen were significantly Increased in 

alcoholic liver cirrhosis (150). Francis et al also found Increased 

t-PA antigen levels in patients with liver disease of various 

types. In about 50 % of the patients with liver disease, 

irrespective of the presence of disseminated intravascular 

coagulation, t-PA activity was detectable (151). The reason for the 

discrepancy between emtlgen and activity levels of t-PA in liver 

disease could be the concomitant rise in plasminogen activator 

Inhibitor in plasma (151). Hersh et al confirmed these results and 

suggested that plasminogen activator inhibitor played a critical 

role in fibrinolytic activity observed in patients with liver 

cirrhosis (152). 

Dïxddneise-^type pleisminogen activator (u-PA) : U-PA antigen levels 

were fovind to be normal in both alcoholic and non alcoholic liver 

cirrhosis by Klrchhelmer et al (153). In contrast. Booth et al and 

Dooijewaard et al showed Increased levels of u-PA antigen levels 

(149,36). The latter found Increased levels of botih pro-urokinase 

and urokinase-inhibltor complexes in patients with liver 

insufficiency. This suggests that the cleeuremce of pro-urokinase by 

the diseased liver is decreased in severe situations, emd/or that 

the synthesis is increased (36). 

c) Inhibition of fibrinolysis in liver d1sen.se 

a2-Antipleismin (a2-AP) : In 1978, i^ki and Yamanaka foimd that 

levels of the major plasmin Inhlbltior in blood, a2-i^ were 

decreased in chronic liver disease (55). They suggested that this 

decrease might contribute to enhanced fibrinolysis in these 

patients. This result was confirmed in several other studies, in 

which also the cause of the decrease in a2-i^ was studied 

(45,154,155,156). Marongiu et al found that a decrease of a2-AP is 

associated with elevated levels of fibrinopeptide-A (FpA) (156). 

Since FpA is a marker for thrombin activity in vivo, tihey proposed 

that the decrease of a2-AP is a secondary phenomenon, i.e. 

secondary to disseminated Intravascular coagulation. 
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However, in a kinetic study on the metabolism of 02-iVP in patients 

with mild liver cirrhosis. Knot et al found that the a2-i^ decrease 

was not caused by enhemced consun^ion in the central compartment 

(blood), but by a decreased synthesis, perhaps in combination with 

a change in transcaplllary flux ratio (45). It is conclxjded that 

the a2-AP decrease in these patients is due to a decreased 

synthesis emd in patients with severe clrriiosls consumption might 

contribute to the decrease. 

Histidine-ricfa glycoprotein (HRG): The levels of HRG play a role in 

the availability of plasminogen. Previous studies on HRG in liver 

diseases have given contiradlctory results. In four studies a 

decrease of HRG was found in patients with liver diseases 

(62,68,149,157). Saito et al suggested that this decrease of HRG 

could contribute tio enhanced fibrinolysis in patients with advanced 

liver cirrhosis (157). In contrast. Gram et al did not find a 

decrease of mean HRG level in a group of patients with various 

liver diseases (158). All studies showed wide variability in HRG 

levels in the patients, ranging from 21 % to 165 % of normal pooled 

plasma. Therefore it is still not clear whether changes in HRG 

levels indeed play a role in enhanced fibrinolysis in liver 

disease. 

Pleisminogen actiivator inhibitors (PAI): Only a few studies on PAI 

levels in patients with liver cirrhosis have been published. Boks 

et al reported that there was a wide range in levels of Pi^ 

activity in patients with alcoholic and non-alcoholic liver 

cirrhosis, and that the means of PAI levels in both patient groups 

were higher them normal (150). A correlation between the levels of 

PAI and the occurence of bleeding could not be demonstirated. Hersh 

et al studied 30 patients with liver cirrhosis and subdivided these 

patients into three groups with either markedly, moderate or no 

accelerated fibrinolysis, as judged by the diluted vAiole blood clot 

lysis time (DWBCLT) (151). They fotmd a correlation between the 

levels of totial t-PA irihibltory capacity of plasma and the DWBCLT. 

T-PA iiihibltion of plasma was significantly lower in the patients 

with markedly accelerated fibrinolysis compared to the patients 

with no erihemcement of fibrinolysis. They suggested therefore that 

tissue plasminogen activator inhibitor plays a critical role in the 
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pathogenesis of accelerated fibrinolysis in liver cirrhosis (151). 

Recently Suzuki reported reduced levels of protein C Inhibitor, in 

patients with liver disease (159). 

Other inhibitors of fibrinolysis: The levels of other inhibitors of 

fibrinolysis, such as a2-macroglobulln and Ĉ -̂inactivator are also 

changed in patients with liver diseases. a2-Macroglobulin levels 

can be Increased in patients with hepatic cirrhosis (76,154) and 

therefore seems to play no major role in enhanced fibrinolysis in 

liver cirrhosis. Booth et al reported normal or raised C^-

inactivator levels in patients with alcoholic liver cirrhosis 

(148). 

It can be concluded that several changes in fibrinolysis variables 

occur in liver cirrhosis. The historical studies already suggested 

an increase in plasminogen activator activity and a decreased 

inhibition of fibrinolysis in patients with liver disease. Recent 

studies have revealed an increase in t-PA and u-PA antigen, 

resulting in some patients in an increased fibrinolytic activity in 

vitro. In addition reduced PiVI activity may occiur in some patients 

with cirrhosis. a2-i^ and HRG levels are frequently reduced in 

patients wltih liver cirrhosis. Most studies have focused on 

changes of only one of these fibrinolysis variables. Therefore it 

cannot be concluded what the relevance of changes of individual 

factors will be for overall fibrinolysis. Furthermore it should be 

noted that fibrinolytic activity is measured in vitro, and it 

remains unclear whether this represents the situation in vivo. 
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2.5 FIHRINDLÏSIS IN OTHER TYPES OF UVER U D D R Y 

2.5.1 FIBRINOLYSIS IN ACDTB HEPATIC FAIUJRE 

So far we have discussed the fibrinolytic system in chronic liver 

disease (cirrhosis). Several studies have been performed in 

patients with acute hepatic failure. These have shown extensive 

changes in the haemostatic mechemism, which have mainly been 

ascribed to dlssemlnatied Intravascular coagulation (118). 

The first study on fibrinolysis in patients witih acutie hepatic 

failure was performed by Ratnoff, who found no evidence for 

increased fibrinolytic activity (125). In 13 patients with acutie 

hepatitis due to various causes the clot lysis time weis always 

wltihln normal limits (125). Clark et al also failed to find lysis 

on fibrin plates in 12 patients with fulminant hepatic failure 

(160). Hlllebrand et al found decreased plasminogen activator 

activity with decreased plasminogen and increased fibrin(ogen) 

degradation productis in plasma in the majority of patients with 

acute hepatic failure (161,162). They postulated formation of local 

fibrin deposits in the liver, with adsorption of plasminogen 

activator, plasminogen, and plasmin on the fibrin clot, followed by 

lysis of the clot (162). In a recent review Rock stated, that in 

acute hepatic failure, fibrinolysis is mild and not frequently 

identified (163). The fibrinolysis may be more related to an 

ongoing mild consumptive coagulopathy secondary to necrosis of 

hepatic tissue and local fibrin deposition within the liver. He 

suggested that due to the large blood flow through the liver these 

activated and clotted materials may be washed out of the liver 

into the systemic circulation, appearing as systemic coagulopathy. 

Recent studies also reported a normal fibrinolytic activity in 

acute hepatic failure (150). However, an experimental study in mice 

injected witih carbon tetrachloride revealed fibrinolysis on 

thrombo-elastography (164). So although no Increased fibrinolytic 

activity has been reported in most studies, enhancement of 

fibrinolysis has been detected. This can be ascribed to the strong 

decrease in 02-i^ in acute hepatic failure (55,150,164). Tomiya et 

al found increased plasmln-a2-antiplasmin complexes in the 

circulation in acute hepatic failure (165). The decrease of a2-AP 

in acute hepatic failure is ascribed to a reduced synthesis and 
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additionally increased consumption. 

It can be concluded that acute hepatic failure is associated with 

extensive changes in coagulation and fibrinolysis, due to decreased 

synthesis of clotting factors and disseminated Intravascular 

coagulation, however with small or no changes in fibrinolytic 

activity in vitro. 

2.5.2 FIBRINOLYSIS IN GBSTRDCTIVE JADNDICE 

Several studies of the fibrinolytic system have been performed in 

obstructive jaundice. Ratnoff failed to find an increase of 

fibrinolytic activity in these patients (125). Later studies by 

Jedrychowski et al and Wardle, showed a decrease of fibrinolytic 

activity (166,167). Recently, the cause of the decreased 

fibrinolytic activity was elucidated by Colluci et al. They 

demonstrated an increase of plasminogen activator inhibitor (PAI) 

activity in plasma of patients with obstructive jaundice compared 

to non jaundiced patients (168). Relief of the obstruction was 

accon̂ >emied by a decrease in PAI activity, parallel to the decrease 

in bilirubin levels. Reüabits imdergolng bile duct ligation, showed 

an early and progressive increase in plasma Pi^ activity (168). The 

early rise in Pi^ activity however may in part be ascribed to the 

earlier reported, normal post-operative increase of Pi^ (169). It 

can be concluded that obstructive jaundice may be associated with 

Increased PiCC levels, resulting in a decreased rate of fibrinolysis 

(168). 

2.5.3 FIBRINOLYSIS IN MAUGNANCY 

Several studies have been reported in which the fibrinolytic system 

in malignancy was investigated. It has been postulated that 

plasminogen activator activity can be used by tumor-cells for 

local invasive growth emd the formation of metastases. A few 

studies on fibrinolysis in patients with prlmeu:y liver malignemcy 

have been reported. KWaan et al found a decrease of fibrinolysis 

due to em increase of inhibitors of plasminogen activator in 

primary liver carcinoma (170). Aokl et al found normal levels of 

a2-antiplasmln in carcinoma of the liver (55). 

Tumour cell lines of the liver (hepatoma, Hep-G2) are frequently 
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used for studying the Influence of hormones and other substances on 

the synthesis and secretion of fibrinolysis variedsles. This has 

been and still is of major importance for the increase in 

knowledge of the metabolism of fibrinolytic factiors by the liver. 

2.6 CUNICAL SIGNIFICANCE OF ENHANCED FIBRINOLYSIS IN UVER DISEASE 

The enhancement of fibrinolysis in liver cirrhosis may contributie 

to the bleeding complications in these patients. Bergström et al 

gave a detailed report of a patient with liver cirrhosis, in vham 

the fibrinolytic activity varied considerably in intensity over the 

course of the disease. Bleeding (haematemesls or melena) was 

related to periods of increased fibrinolytic activity (130). 

Purcell et al reported that spontianeous fibrinolytic activity was 

present in many patients in whom cirrhosis was accompanied by 

severe haemorrhage (135). Francis et al provided further evidence 

for the clinical significance of enhemced fibrinolysis in liver 

diseases (171). They showed that enhanced fibrinolysis, as measured 

by the \rtiole blood clot lysis time, predisposed to soft tissue 

haemorrhage after trauma. They also found a trend towards increased 

intracranial bleeding in patients with enhemced fibrinolysis, 

i^other study reported a relation between mucosal bleeding and a 

quotient of fibrinolytic activity and a clotting test (Normotest^) 

in patients with acute and chronic liver failure (150). However, 

Brommer et al recently showed that in a subgroup of the patients of 

the above mentioned study (150) with chronic liver failure, no 

relation could be found between fibrinolytic activity and the 

occurrence of capillary-type or variceal bleeding (172). 

The chemges in fibrinolysis may result in complications during 

surgery in patients with liver disease. KWaan et al suggested that 

an increase of fibrinolytic activity during splenectomy in a 

patient with hepatic cirrhosis, might be responsible for severe 

oozing during surgery (126). In patients undergoing a portacaval 

shunt operation, increased fibrinolytic activity may contribute to 

the haemorrhagic complications of the operation (173,174). In about 

10% of the patients undergoing a portacaval shunt operation 

uncontrollable oozing, vdiich is associated with hypofibrinogenemia 

and high plasma fibrinolytic activity, developed during surgery 

(175). In patients undergoing em orthotopic liver transplantation 
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severe bleeding is the major cause of peri-operative death (for a 

review see 176). The haemorrhagic diathesis during the procedure 

may be due to disseminated intravascular coagulation, hyperfibri

nolysis or a combination of these two processes (176). Recent 

studies suggest that enhancement of fibrinolysis during the 

anhepatic emd early post-anhepatlc period, due to em extensive 

increase of tissue-type plasminogen activator, may be the major 

cause of sustained bleeding (177). 

2.7 MANAGQIQiT OF ENHANCED FIBRINOLYSIS IN UVER DISEASE 

^ outlined above, bleeding is a major complication in patients 

witih liver disease. This seems to be related both to mechanical 

factiors, as in variceal bleeding, and to changes in the haemostatic 

mechanism (capillary-type bleeding). It is generally accepted that 

there is little indication for prophylactic treatment of the 

coagulopathy in most patients with liver disease, unless they 

bleed, or have to undergo surgery or biopsy. The enhancement of 

fibrinolysis in patients with liver cirrhosis caimot be regarded 

separately from the other chemges of the haemostiatic mechanism. In 

table 3, the various possible treatments of coagulopathy in 

patients with liver disease are summarized. 

Since a reduction in the vitamin K dependent coagulation factors is 

common in both acute and chronic liver disease and vitamin K 

absorption may be decreased in liver disease, vitamin K should be 

administered to all these patients before surgery or biopsy or if 

they have features of vitamin K deficiency. 

Table 3: Therapeutic possibilities in the management of 
coagulopathy in liver disease 

Vitamin K 

Fresh frozen plasma 

Prothrombin complex 

Cryoprecipitate 

Platelets concentrates 

Heparin 

Epsilon amino caproic acid / Tranexamic acid 
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In patients who bleed extensively, replacement therapy with fresh 

frozen plasma or concentrates is indicated. A major problem is the 

volume of fluid emd the quantity of the proteins which has to be 

administered. Prothrombin complex, however, carries the risk of 

triggering disseminated intravasculeu: coagulation by the presence 

of activated coagulation factors in the concentirate (178). 

Cryoprecipitate, containing factor VIII emd fibrinogen can also be 

given to correct coagulation factor deficiencies. If a decrease of 

platelets is of major concern, depending on platelet count and 

bleeding time, platelets concentrates cem be given. One of the 

major risks of giving plasma or concentrates is the transmission of 

viral hepatitis or iVIDS. 

Heparin is potentially dangerous, since it can worsen the bleeding, 

and should therefore be reserved for patients with clear evidence 

of disseminated intravascular coagulation. 

If fibrinolysis is enhanced, treatment with synthetic fibrinolysis 

inhibitors may be a solution. H ie agents most widely used are 

epsilon amino caproic acid (EACA) and tranexamic acid. They both 

inhibit the binding of plasminogen to the fibrin surface, which 

results in a slower fibrinolysis (179). Early studies have shown a 

beneficial effect of EACA on excessive fibriiiolysis in liver 

patients (180,181). However, the treatment with EACA has to be very 

carefully controlled, since the development of mlcrothrombi during 

EACA treatment of patients with liver disease has been reported 

(182,183). Mlcrothrombi occurred especially when hyperfibrinolysis 

was secondary to disseminated Intravascular coagulation. Therefore 

it has been suggested that in cirrhotic patients EACA should only 

be used in combination with hepeurin (184). 

EACA treatment has been reported to be of benefit in patients 

undergoing liver surgery and liver transplantation, whicäi is 

associated with Increased fibrinolytic activity (175,185). However 

there have been no adequately controlled trials of synthetic 

fibrinolysis inhibitors in bleeding due to enhanced fibrinolysis In 

patients with liver cirrhosis. 

It can be concluded that therapy for haemostatic defects in liver 

disease is necessary in bleeding patients or patients who have to 

undergo surgery or biopsy. The mainstay of therapy is infusion of 

fresh frozen plasma. Enhanced fibrinolysis may be treated with 

synthetic fibrinolysis inhibitors, but these drugs have to be used 
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with caution. 
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ABSTRACT 

A Dutch family, of vAiich 13 members are heterozygotes, deficient 

for a2-antlplasmln (a2-i^) is reported. Clinical studies showed 

that 2 heterozygotes had a mild bleeding tendency, vAiich presented 

as bleeding episodes after tooth extraction and after surgery emd, 

in one patient, also as excessive menstiruation. Laboratory 

investigations revealed an 02"^^ activity of 62 % (51-71) (median 

and range) emd an emtlgen level of 60 % (60-66). The plasminogen 

binding as well as the fibrin binding properties of a2-i^ were 

normal. Plasminogen concentrations were significantly higher in the 

heterozygotes compared to the other family members. However, free 

plasminogen not bound to histidine-rich glycoprotein was not 

significantly different between these two groups. We prqpose that 

in this family tihe deficiency of 0:2 ~^^ ^^ *̂ ^̂  ^ ° ^ decreased 

synthesis of a normal a2-i^ molecule. This present study brings the 

frequency of heterozygous a2-i^ deficient patients with a bleeding 

tendency tio 13 out of 59 heterozygotes reported in tihe literature. 
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nnstoDDcnoN 

a2-i^tiplasmin (a2~AP)t the fast acting plasma inhibitor of plasmin 

(1,2) is synthesized in the liver (3,4) emd has a plasma 

concentration of 1 /LIM (5,6). It's major function in̂  vivo is the 

regulation of fibrinolysis by forming an irreversible 1:1 

stoichiometric conplex with plasmin (7,8). Two other properties of 

Q!2~AP are the formation of a reversible conplex with plasminogen 

(2,9) and crossllnking to fibrin mediated by factor XIIIA (10). The 

binding of a2-i^ to plasminogen reduces the binding of plasminogen 

to fibrin, thereby reducing fibrinolysis (11). Crossllnking of 02-

AP to fibrin additionally reduces the clot lysability (12). 

In plasma, 0:2'̂ ^ circulates as a plasminogen binding (PB) form and 

a non-plasmlnogen binding (NPB) form with a PB: NPB ratio of about 

2.4 (8,14). The PB form of a2-AP is synthesized in the liver (14) 

and has all three fimctlons mentioned above, vAiereas the NPB form 

is formed in the circulation by conversion of the PB form (14) and 

the only function remaining is a slow inactivation of plasmin 

(8,15,16). 

The first case of a patient with congenital deficiency of a2-i^ 

with a haemorrhagic diathesis was reported by Itole et al. and Aokl 

et al.(17,18). Since then congenital deficiencies have been 

reported in eight families (19-26,38,39). Homozygotes have a severe 

haemophilia-like bleeding tendency (17-22,38,39). In some reports 

of heterozygote cases, a mild bleeding tendency was described 

(20,21,25,26), vAiilst other reports Indicated no bleeding tendency 

(18,22,23). 

We report a Dutch family with 13 heterozygous 02-AP deficient 

members of vdiich only two have a mild bleeding tendency. 

MATERIAIS AND METHODS. 

Venous blood was collected in plastic tubes contialnlng trisodlum-

citrate 0.11 mol/1 (9:1) and placed immediately on melting ice. 

Plasma was prepared by centrifugation at 2,000 g for 30 min. at A'C 

and stored in small aliquots at -70*C. Venous blood was also 

collected in 0.045 ml 15% sol 6.75 mg EITTA (5 ml). Serum used for 

determining the fibrin binding of a2-i^ was prepeured from blood 
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collected into tubes witihout anticoagulant. These were left 

standing at 37°C for 4 hours, after which the supematant serum was 

obtained by centrifugation (room temperature, 10 min., 2,000 g). 

Reference pooled plasma was obtained from 40 healthy volunteers. 

Routine coagulation tests were performed using standard techniques, 

i^tlthrombin III activity was measured according to iUsildgaard et 

al. (27) using Coatiest(R) antithrombin III, KablVitrum, iUasterdam; 

a2-AP activity was assayed according to Friberger et al. (28) using 

Coatest(R) emtipleismin (KablVitrum). Plasminogen was measured 

according to Friberger et al. (28) using Kabiklnase(R) for 

activation of plasminogen emd S-2251 as a substrate, botih of 

KablVitrum. The three foregoing assays were modified for automated 

determination (PA 800, Vitatron, Dieren, The Netherlands). 

a2-AP antigen weis assayed by Rocket Immunoelectrophoresis according 

to Laurell (29) using an 0.5 % anti-a2-i^ antiserum (a gift from 

Dr.I. Clemmensen). Histidine-rich glycoprotein (HRG) was assayed by 

Rocket imommoelectrpphoresis according to Laurell (29) using 0.5 % 

home made rabbit anti-human HRG antiserum (K4559). Calculation of 

free plasminogen was based on the equilibrium [Plasminogen-HRG]?^ 

[Plasminogen] + [HRG] with a K̂ j of 1.0 /mol/1 and results 

expressed in percentage of total plasminogen (30). A qualitative 

assay for Factor XIII was performed by addition of 5 mol/1 urea to 

clotted plasma. 

Fibrin and fibrinogen degradation products (Total Degradation 

Products) were meeisured using an ELISA technique (Organon Teknika, 

Boxtel, The Netherlands) (31). Fibrinogen was measured according to 

Clauss (32). 

Protein C antigen was assayed using an ELISA Protein C technique 

from Boehringer Manriheim diagnostica. West Germemy (33). 

Tissue-type plasminogen activator (t-PA) emd t-PA Inhibition of 

plasma were measured by spectrophotometric assays according to 

Verheijen et al (34,35). To detiermine the euglobulin clot lysis 

time (ECLT), standard euglobulin fractions of plasma were prepared 

at pH 5.9 with a plasma dilution of 1:10 (36). Precipitates were 

redissolved in Tris/Tween buffer (0.1 mol/1 Trls/HCL ; 0.1 % Tween 

80 (v/v) pH 7.5) emd 0.2 ml of the euglobulin fractions were 

clotted by addition of 0.1 ml of calcium-thrombin solution (CaCl2 

25 mmol/1 and thrombin 10 NIH U/1). The lysis time of the clot was 

recorded. The disappearance of air bubbles was regarded as tihe 
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endpoint. 

The diluted \diole blood clot lysis time (DBCLT) was detiermined 

according to Chohan (37). 

The ratio PB:NPB forms of a2-AP was determined by modified crossed 

imommoelectrophoresis (mCIE) according to Kluft (13). 

The PB:NPB ratio was calculated as the ratio of the surfaces of tihe 

two immunoprecipitatlon peaks. The surfaces were determined as 

products of height and width at a point which bisects the height. 

Binding of a2-i^ to fibrin during clot formation in whole blood was 

calculated from the amount of a2-i^ in serum emd citrated plasma 

(corrected for the haematiocrlte (Ht) and the citrate dilution) and 

es^ressed as the percentage of a2-i^ bound to fibrin according to 

the formula: 

f 1 - W) 
% a2-i^ (0.9- Ht) X (02-i^ act.plasma) - (a2~AP act.serum) 
bound to = 
fibrin ( 1 - Ht) 

(0.9 - Ht) X (0!2~^^ ^ ^ ' plasma) 

RESOUS 

Ceae history 

The propositia, a 36 year old Caucasian woman, was referred to the 

department of gynaecology because of severe and prolonged menstrual 

blood loss for four years. This loss could not be controlled by 

hormonal therapy and caused an iron deficiency anaemia. Before this 

period, menstrual blood loss had been completely normal. 

Echographic examination showed a submucous uterine myoma of 4 cm 

diameter, which did not seem to e:q>lain the excessive blood loss. A 

bleeding tendency was suspected and she was referred to tihe 

department of haematology for further examination. 

Her history did not reveal any sign of spontaneous bleeding, 

neither as a child nor as an adult. She underwent three tooth 

extractions without a bleeding episode. She had never been pregnant 

or undergone surgery or experienced trauma. On physical 

examination, she looked pale but otherwise no abnormality was 

found. laboratiory tests revealed a mild iron deficiency anaemia, a 

normal vAiite blood cell count, normal renal and liver functions emd 
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no paraproteinemia. 

Laboratory investigation of haemostasis (Table 1) revealed a 

partial deficiency of ot2-i^. The activity and antigen levels were 

62 % emd 60 % respectively, which are below the reference Intervals 

( 85 - 120 %) (40 healthy volunteers; meem ± 2SD). 

Assuming that the combination of a2-î P deficiency and the submucus 

myoma might be the e^qilanation for the excessive blood loss, she 

was treatied with the fibrinolytic Irihibitor tremexamic acid, 4 gr 

daily orally during the menstrual period for two cycles without any 

success. It weus then decided to perform a hystierectomy. As she had 

no history of a bleeding tendency she was given routine 

emtithrombotlc prophylaxis with subcutaneous heparin 5,000 U twice 

dally. Postoperatively, the haemoglobin was followed twice daily 

and was steOile. Fibrinolytic parameters during the postoperative 

period showed no significant changes (Flg.1). 
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Figure 1: Haemoglobin concentration, 02-antiplasmin activity and 
plasminogen before and after the hysterectomy of the 
prpposlta. 
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Table 1: Laboratory r e s u l t s : Some f i b r i n o l y s i s parameters in t he 
p ropos i t a , heterozygotes d e f i c i e n t for a2-ant ip lasmin , 
and the o the r family members. 

a2-APactivitY 
a2-APantigen 
Ratio PB:NPB 
a2-i^ binding 
to f ibrinl 
Plasminogen 
Fibrinogen 

Prtjposita 

% 
% 

% 
% 

g/1 
TDp2 /jg/ml 
t-PA mlU/ml 
t-PA inhi
bition lU/ml 
DBCUr 
Ecur 

Factor XIII^ 
Protein C ag 1 
HRS^ 

min 
min 

J/ml 
% 

62 
59.5 
2.1 

46 
208 
3.2 
0 
78 

0 
175 
120 

P 
1.30 
94 

Heterozygous 
familymenibers 
median (range) 

62 (51-71) 
60 (60-66) 
2.1 (2.1-2.2) 

34 (27-46) 
116 (89-208) 
2.8 (1.9-3.8) 
0.0 (0,0-0.5) 
69 (0-327) 

5.3 (0-17.0) 
177 (175-190) 
>180(I^4) 
85/120/125/130 
P 
1.25(0.81-1.53) 
95.2(32-122) 

n 
13 

13 
3 
3 

4 
10 
12 
10 
11 

10 
3 
8 

11 
10 
10 

Normal 
familymenibers 
median (range) 

111 (102-116) 
110/122 
2.1/2.3 

34 (30-47) 
99 (89-107) 
2.5 (1.8-3.4) 
0.0 (0.0-0.6) 
63 (0-240) 

6.0 (0-24) 
150/155 
>180 (n=6) 
140 
P 

n 
12 

12 
2 
2 

6 
7 
12 
10 
10 

8 
2 
7 

12 
1.12 (1.06-1.33) 5 
97.0 (64-120) 10 

Refe
rence 
intervals 

85-120 
85-120 
2.1-2.8 

25-47 
85-120 
1.8-3.6 
< 0.5 
0-250 

0-9 
> 90 
> 60 

P 
0.7-1.4 
53-145 

%̂ of the i n i t i a l plasma value; 2TDP= Total (fibrin and fibrinogen) degradation 
products; 3p=p]Tesent; ^HRG=4lLstidine-rich glyccprotein. 

Figurk 2 : Modified crossed immunoelectrophoresis of plasma of t h e 
p r o p o s i t a . The f i r s t peak shows t h e plasminogen binding 
(PB) form and the second peak shows tihe non-plasminogen 
binding (NPB) form of û:2-antiplasmin. 
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HaarOTstasis studles 

Fibrinolysis and some other parameters of the proposita and the 

other family members are shown in Table 1. Biological and 

immunological levels of a2-AP of the proposita were both decreased 

with em activity / antigen ratio of 1.02. 

Modified crossed immunoelectrpphoresis showed a normal ratio of 

PB:NPB form of a2-i^ of 2.1 (normal range 2.1 - 2.8 (14)) (fig.2). 

The binding of a2-i^ to fibrin was 46 % of the initial plasma value 

v^ich is in the normal range (25 - 47 (x ± 2 SD;N=22) ) . The 

absolute amount of a2-i^ bound to fibrin however was half that of 

normal (23%). 

Plasminogen concentration of the prpposlta was 208 % (normal range 

85-120) and histidine-rich glycoprotein (HRG) was 94 %. Free 

plasminogen not bound to HRG was calculated to be 133 % (Fig. 3). 

Total fibrin and fibrinogen degradation products were not 

detecteüsle (<0.5 /ig/ml) with a sensitive EUSA technique. 

I I total plasminogen 

ES^ free plasminogen 

200-

piasminogen 
(%) 

100 

1) 

2) 
1) 

3) 

4) 

m. 

5) 

proposi ta hetero- normal 
zygote members 

members (mean) 
(mean) 

Figure 3 : Total and free plasminogen of the proposita and the 
other family siembers. 1) i s signiflcemtly different from 
4) p <0.05 ; 2) i s significantly different from 5) p 
<0.05 ; 3) i s not significantly different from 5) . 
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Figure 4: Pedigree of the family with a heterozygous «2-

ant lplasmin def ic iency. The arrow Indicates the 
proposita. 

F a m i l y ghn^y 

On studying the family, 12 more heterozygotes were diagnosed with 

a2-i^ activities ranging from 51-72 %, which are all below the 

normal range (85-120 % ) . The pattern of inherltiance of the 

heterozygous cit2-AP deficiency was autosomal dominant (Fig. 4). A 

history of bleeding was established in 3 of the 12 heterozygotes by 

teücing the patients' history and, in some cases, by consulting 

hospital records (Table 2). This was done before the 02-AP activity 

was determined. 

Member III-3 had excessive menstirual blood loss and had 

experienced a bleeding episode after surgical correction of the 

nasal septum. Member III-9 had had a severe bleeding episode for 1 

day after tooth extraction (7 molars at one time) for which he 

consulted a general practioner. i^other member (IV-16) had had 

severe bleeding episodes after a conpllcated tibia and fibula 

fracture. Six days after surgical treatment a large haematoma 

developed in the left leg while the patient was under prophylactic 

anticoagulant therapy ( Thrombotest < 3 % ). Several subsequent 

orthopaedic operations did not result in further bleeding episodes. 

Thus, in the proposita and in patient IV-16 causes other than the 
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a2-i^ deficiency alone were found tihat may explain the bleeding 

problems, in contrast to patients III-3 and III-9. 

Other a2-i^ deficient family members emd menibers wltih normal a2-i^ 

levels underwent several surgical Interventions without a bleeding 

episode (Table 2). The results of the fibrinolysis study of the 

other heterozygotes are similar to the results of the proposita 

(TeJsle 1). Median a2-i^ activity and antigen were 62 emd 60 % 

respectively. Plasminogen concentration was significantly higher in 

the heterozygotes compared with the normal family members, 116 (89-

208) % (median emd range) and 99 (89-107) % respectively (Wilcoxon-

test; p<0.05). HRG and the calculated free plasminogen levels were 

not significantly different between botih groups (Fig. 3). The 

fibrinolytic activity, as measured by the ECLT and DBCLT, was 

normal in both groups. Platielet counts and functions, as well as 

the coagulation parameters, were normal in all family members. 

No difference in fibrinolytic parameters was found between the 

bleeding and the non-bleeding heterozygotes. 

Table 2: Clinical information of the heterozygous 0:2-antiplasmin 
deficient family members. The numbers refer to the 
family pedigree in Fig 3. III-l is the proposita. 

Family-
member 

II-4 
III-l(prop) 

III-2 

III-3 

I1I-8 
III-9 
III-ll 
111-12 
III-14 

Clinical information Tooth ex
tractions 

Deep venous thrombosis^ 
Hysterectomy 

1 X Partus 
Adenotonslllectomy, lipectomy 
Nesal septum reconstruction B.E.2 
Haematomas, nose bleeding 

-
-

Meniscectomy 
4 X Partus Ix B.E. 
1 X Severe haematoma after trauma 
i^enotonsillectomy 
Cholecystectomy 

2-3X 
3X 

2x 
5x 
2x B.E. 

ix 
3x B.E. 

2x 

3x 

Menstru
ation 

— 
prolonged 
excessive 

normal 

prolonged 
excessive 
-
-

-

normal 
IV-10 
IV-16 

IV-17 
IV-19 

Severe bleeding after complicated 
fibula emd tibia fracture 
1 X Partus B.E. normal 

Ix 

•'•Clinical diagnosis not confirmed by phlebography; 2B.E.= bleeding 
episode afterwars. 

58 



DISCUSSION 

Nine families with a2-AP deficiency have been described. In eight 

of the described families the deficiency seems to be due to a 

decreased syntihesis of a normal a2-AP molecule (17-26) emd in one 

the deficiency appears to be due tio synthesis of an abnormal 

molecule (38,39). 

The laboratory studies of our heterozygotes showed both a decreased 

a2-AP activity and antigen. Plasminogen binding of a2-AP, 

determined by the ratio of PB:NPB forms, was normal. iU.though the 

absolute eunount of a2-i^ bound to fibrin was half of normal, the 

percentage a2-i^ bound weis normal. Neither fibrin nor fibrinogen 

degradation products were detectable, indicating that the 

fibrinolytic system was not activated. We propose that in this 

family the deficiency is caused by a decreased synthesis of a 

normal a2-i^ molecule. Coiî >aring the results of fibrinolysis and 

coagulation parameters between heterozygotes emd normal members, we 

found a significantly higher plasminogen level in the 

heterozygotes. This is in accordance with the findings of Kluft et 

al. (20), who proposed that this could contribute to a haemorrhagic 

diathesis. Free plasminogen, not Isound to HRG, weis however not 

significantly different between both groups. There was no 

difference in the fibrinolytic activity, measured by the ECLT and 

the DBCLT, betiween both groups. 

No difference was found in any of the measured haemostatic 

parameters between the bleeding and the non-bleeding heterozygotes. 

Clinical studies in patients wltih a2-AP deficiency show that all 7 

homozygotes from 5 families described so far suffer from a severe 

haemophilia-like bleeding tiendency (17-22,24). The clinical 

presentation of heterozygous a2-AP deficient patients described to 

date is variable. In 6 families, forty-six heterozygotes with an 

a2-AP activity remging from 40-71% have been reported (18,20-

23,25,26). Eleven of these heterozygotes from 3 families showed a 

mild bleeding tendency (20,21,25,26). 

In our study, only 2 of the 13 heterozygotes showed a mild bleeding 

tendency, vAilch can be attributed to a2-AP deficiency with some 

certainty. The bleeding problems in these 2 patlentis (III-3 and 

III-9), compared with the bleeding symptoms described in some 

earlier reports (24,25), are not serious. 

59 



The prpposlta of our study did not have a bleeding tendency, as is 

demonstrated by her history, by imsuccesful treatment with 

tranexamic acid and by the unconpllcatied per-and postoperative 

course of the hysterectomy using prophylactic anticoagulant 

therapy. The bleeding complications in the other patient (IV-16) 

may be explained by the severity of the trauma and the treatment 

with oral antlcoagulemt, but a role for the a2-AP deficiency cannot 

be ruled out. 

Thus in this family, only a minority of the heterozygotes have some 

mild bleeding problems. The results of this emd foregoing studies 

suggest that an a2-i^ activity of 50-60 % is a threshold for normal 

haemostiasis. 

Through this study the frequency of a2-i^ deficient heterozygotes 

with a bleeding tendency is brought to 13 out of 59 (22%). 
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ABSTRACT 

We report a 45 year-old female patient with recurrent spontaneous 

deep vein thrombosis associated with an isolated hypo-

plasminogenemla (plasminogen activity and antigen level of 42 % and 

37 %, respectively). The pleisminogen molecule was normal as 

demonstrated by a normal activation by tissue-type plasminogen 

activator, electrophoretic mobllty on crossed Immuno

electrophoresis, molecular weight and binding to lysine-Sepharose. 

All other hemostatic parameters predisposing to recurrent 

thrombosis were normal. A stimulation test with desmopressin 

acetate (DDAVP) showed a normal plasma rise of both tissue-type 

plasminogen activator and Factor VIIIR:WF. 

This Isolatied plasminogen deficiency is apparently due to a 

decreased synthesis of a normal plasminogen molecule and is 

associated with a severe tihrombotic tendency. 
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INTRODDCTKXT 

A deficiency of plasminogen resulting from a dysfunctional molecule 

(dysplasminogenemia) is associated with a high risk for recurrent 

thrombosis (1). Congenital pleisminogen deficiency resulting from 

decreased synthesis of a normal molecule (type I deficiency; 

hyppplasminogenemla) associated with thrombosis heis been described 

only occasionally (2-4). One of the reported patients had a high 

level of plasminogen activator inhibitor additionally, vdiich could 

have contrlbutied to the thrombotic disease (4). 

We report a patient suffering from recurrent episodes of 

objectively diagnosed recurrent deep vein thrombosis (DVT) and 

hyppplasminogenemla, without additional abnormalities in the 

hemostatic mechanism. 

CASE HESTOKY 

A 45-year-old woman secretary was referred to our outpatient 

department because of recent complaints of pain, swelling and 

redness in the right calf. Her previous medical history revealed 

recurrent episodes of DVT in both legs (three times right, one time 

left) since the age of 38 yeeirs, despite long-term oral emticoagu-

lant treatment. Her history was without predisposing factors for 

DVT. According to the patient, several members of her family had a 

history of DVT or pulmonary embolism. 

DVT was suspected and later confirmed by impedance plethysmography 

(IPG) and venography. The venography of both legs showed severe 

abnormalities: no visualization of the entire deep vein system of 

the right leg, extreme formation of collateral veins in both legs, 

retroperitoneal collateral veins in the right illacal region, emd 

an obstruction of the vena saphena magna of the left leg. These 

severe abnormalities in the venous system are suggestive of 

recurrent thrombosis in both legs. 

On account of the history of recurrent thrombosis in spite of 

anticoagulant therapy (thrombotest 7 % on referral, therapeutic 

range 5-10%) and a family history of thrombosis, extensive 

laboratory investigations for all known risk factors were 

performed. These studies revealed a partial deficiency of plasmino-
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gen with an activity and antigen level of 42 % and 37 %, 

respectively. She was treated with heparin twice dally, 7500 U 

S.C, for 10 days and oral anticoagulant (OAC) treatment (Fenpro-

coumon) was continued. Although she was tireated with OAC, she 

experienced recurrent episodes of spontaneous DVT in both legs 

since. 

i^ soon as she developed complaints suspect for DVT, an IPG was 

made, and, if positive, she was treated with heparin, which she 

administers herself at home. Because of the venous insufficiency, 

she heis developed a severe postthrombotlc syndrome in both legs. 

The brother of tihe patient (aged 43 years) was also partly defi

cient for plasminogen (activity 38 % ) , but has never experienced a 

thrombotic event to date. Of the family members with a history of 

DVT, unfortunately none were availeü3le for further investigations. 

MATERIAIS AND M E H K M » 

P1a»aiia 

Venous blood, obtained by venapuncture in the antecubltial vein, was 

collected into 0.11 mol/1 (9:1) trlsodlum citrate and placed 

Immediately on melting ice. Plasma was prepared by centrifugation 

at 2,000 g for 30 min. at 4*C and stored in small aliquots at 

-70'C. Reference pooled plasma was obtained from 40 healthy 

volunteers. 

Hemostasls studies 

Routine coagulation tests were performed according to standard 

procedures. A l l known risk factors for DVT were determined, i^tl-

thrombln III emd protein C activity were measured using chromogenic 

assays (5,6). Protein C antigen was assayed by an EUSA protein C 

technique (7). Protein S antigen was determined using an Immuno

radiometric assay (performed by Dr. Engesser, Gaubius Institute) 

(8). Tissue-type plasminogen activator (t-PA) and t-PA inhibition 

of plasma were measured by spectrophotometric assays (9,10). A 

tissue thromboplastin iiihibltion test was performed to assess the 

presence of a circulating lupus anticoagulant (11). A stimulation 

test weis performed by infusion of DDAVP (Desmopressin, Mlnrln(R), 

Pharmachemle, Hemrlem, The Netherlemds) Intravenously at a dose of 
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0.4 /xg/kg b.w. over a period of 20 minutes. Blood sangles were 

taken before and every 20 min for up to 2 hrs after start of the 

Infusion. Ristocetin cofactor activity (F VIIIR:WF) was detiermined 

by measuring the initial rate of agglutination of formalin-fixed 

platieletb in the presence of 1 mg/ml ristocetin in the aggregometer 

(12). Factor VIII antigen was determined by an EUSA technique 

using antlsera obtained from Deüospatts (Copenhagen, Denmark). 

Factor VIII activity was assayed in a one stage clotting assay on a 

coagulometer, using congenltally deficient plasma as a substrate. 

Plagmifuxien determinations and purification 

Plasminogen activity was measured using a chromogenic assay (13). 

Plasminogen antigen was measured by radial immunodiffusion 

technique (14) using goat antl-plasmlnogen antiserum from Nordic 

Immunology (Tilburg, The Netherlands) . Crossed Immuno

electrophoresis of the patient's plasma was carried out using the 

antl-plasmlnogen antiserum (1 %) from Nordic. Histidine-rich 

glycoprotein (HRG) was measured immunochemically using a home-made 

(Gaubius Institute) 0.5 % anti-HRG antiserum (15). Calculation of 

free plasminogen was based on the equilibrium [plasminogen-HRG]5:t 

[plasminogen] + [HRG] with a K̂ j of 1.0 /tmol/l (16). 

Plasminogen of the patient was purified from plasma by affinity 

chromatography on lyslne-Sepharose (17). Sodium dodecyl sulphate 

(7%)-Polyacrylamide gel electrophoresis (SDS-PAGE) (18) was used to 

determine the molecular weight of the patients' plasminogen. To 

study the functional activities of tihe patients' plasminogen, it 

was activated by tissue-type plasminogen activator with and without 

addition of fibrin fragment (FCB-2) (19). A stimulation factor, 

calculated as the quotient of the acceleration constiants with and 

without addition of FCB-2, is a marker for the stimulatory effect 

of the fragment (normal value 40-60) (19). 

RESUIXS 

Heamosteisis studies 

All known risk factors for DVT were normal. iUitithrombin III 

activity was 103 % conpared to normal pooled plasma. Protein C 

(activity 34 % and antigen 41 %) and protein S antigen (44 %) were 

69 



decreased from OAC treatment. The ratio protein C and factor X (5 

%) was above 1.0. T-PA was 0.01 lU/ml (normal 0-0.25), and t-PA 

irihibitlon of plasma was 4.61 lU/ml (normal 0-9). a2-i^tiplasmin 

activity and antigen were 123 % and 106 %, respectively. a2-

Macroglobulin emtlgen was 127 % compared to normal pooled plasma. 

Fibrinogen concentration was 4.0 g/llter (normal 1.2-4.8), and, 

because of a thrombin time of 10 sec (normal 9-13) , 

dysflbrlnogenemia could be excluded. Factor VIII activity was 118 

%. A tissue thromboplastin inhibition test revealed no evidence of 

circulating lupus antlcoagulemt. 

WagmiTioqen assays 

Plasminogen activity emd antigen levels were both decreased (42 % 

emd 37 % respectively). On crossed immmoelectrophoresls, normal 

mobility of the patients' plasminogen was seen. Plasminogen activa

tion with t-PA with and without addition of fibrin fragment FCB-2 

showed a normal functioning plasminogen molecule. The calculated 

stimulation factor of FCB-2, known to enhance plasminogen 

activation, was 55.4 (normal 40-60). During the purification 

procedure, plasminogen of the patient had a normal binding to 

lysine-Sepharose. SDS-PAGE showed a normal molecular weight of 

approximately 90.000 D. The level of histidine-rich glycoprotein 

(HRG), \dilch inhibits fibrinolysis by binding to plasminogen, 

thereby reducing the amount of "free" plasminogen, was 94 %. The 

calculated "free" plasminogen level was 16 %, vrtiich is strongly 

decreased, conpared to reference pooled plasma. 

imAVP test 

Infusion of DDAVP, to determine the capacity of vascular 

endothelium to release t-PA and Factor VIIIR:WF showed a normal 

rise in both t-PA and Factor VIIIR:WF to a maximum of 1.41 lU/ml 

after 25 min and of 320 % (compared to normal pooled plasma) after 

45 min, respectively (Fig. 1) (20). 

Factor VIII activity and antigen levels showed a maximum increase 

to 239 % and 261 % respectively (Fig. 1). 
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Figure 1: Laboratory results of factor VIII and tissue-type 
plasminogen activator after infusion of DDAVP (0.4 Mg/kg 
b.w.) in the patient. iVrrows indicate the times of blood 
sampling. 

DISCDSSIOT 

Several studies have shown that dysplasminogenemia may be 

associated with a thrombotic tendency (1). Only a few reports, 

however, have been published about hypoplasminogenemia associated 

with thrY}mbosis (2-4). In one of the cases, hypoplasminogenemia was 

accompanied by an other abnormality in the hemostatic mechanism, 

i.e. high levels of plasminogen activator inhibitor (4). In this 

report we describe a patient with severe thrombotic disease, in 

spite of continuous OAC therapy, with a decreased activity and 

antigen level of plasminogen. Other risk factors for DVT were 

normal. The low levels of protein C, a vltamln-K dependent "inhlbl-
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tor" of coagulation, emd its cofactor protein S were due to the OAC 

treatment. On account of a protein C/ factor X ratio of >1.0, a 

protiein C deficiency can be ruled out. Normal levels of 02-

antiplasmln indicate that the fibrinolytic system was not 

activated. A DDAVP test, performed to determine the capacity of the 

vascular endothelium, showed a normal potential rise in t-PA and 

Factor VIIIR:WF. 

Activation of the patients' plasminogen by t-PA with and without 

addition of FCB-2, showed a normal reactive molecule. Plasminogen 

had a normal affinity to lysine-Sepharose in the purification 

procedure, a normal molecular weight and a normal electrophoretic 

mobility on crossed immunoelectrpphoresis. Based on these 

experiments, we propose that the plasminogen molecule is 

functionally normal and therefore suggest that the patient suffers 

from a type I plasminogen deficiency, due to a decreased synthesis 

of a normal molecule. 

The clinical outcome in the proposita was severe. In spite of OAC 

treatment, she still esqierienced episodes of DVT. We have no 

e^lanatlon why the OAC prophylaxis has failed in tihis patient and, 

on the otiher hand, was of some benefit for emother patient with 

hypoplasminogenemia (3). 

Venography showed extreme eüanormalities in the venous system in 

both legs, leading to severe venous insufficiency and 

postthrombotlc syndrome. To release the patient from hospitali

zation, she is now given home treatment with heparin for each 

recurrent episode of DVT. 

A familial deficiency is likely in this case, on account of the 

decreased plasminogen levels of the brother of the patient. He was 

not available for further study, and neither were the family 

members with, according to the patient, a history of DVT and 

pulmonary embolism. 

This study demonstrates that an isolated plasminogen deficiency, 

apparently resulting from a decreased synthesis of a normal 

plasminogen molecule, may be associated with severe thrombotic 

tendency. 
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ABSlStACT 

The alm of our study was to dellneatie the role of plasmin 

inhibitors, especially the two molecular forms of a2-antiplasmin 

( a 2 - A P ) , i.e. the plasminogen binding (PB) and the non plasminogen 

binding (NPB) forms, in control and prevention of systemic effects 

during thrombolytic therapy. We therefore studied both the 

consun^tlon of pleismin inhibitors emd the degree of fibrinogen 

breakdown in patients with acute myocardial Infarction tireated with 

tissue-type plasminogen activator (t-PA) or streptokinase (SK). At 

a low degree of plasminogen activation, for instance in patients 

treated with t-PA, PB-a2-AP is consumed first. At a higher degree 

of plasminogen activation, PB-a2-i^ becomes esdiausted (<20%), and 

other plasmin inhibitors, i.e. NPB-a2-i^ and a2-macroglQbulin, are 

consumed. After extensive plasminogen activation, for Instance in 

patients treated witih SK, PB-a2-i^ consumption is conplete, and 

NPB-a2-i^ and a2-macroglobulin are consumed about 30-50% of the 

pretireatment level. No significant Ci-inactlvator consunption 

occurred, even at extreme degrees of plasminogen activation. 

Fibrinogen breakdown, taken as marker for systemic effects, 

correlated strongly with consunption of PB-a2~AP. Fibrinogen 

breakdown did occur, but only \^en the amoimt of PB-a2-AP was 

decreeised tio less than 20%. The other plasmin Inhibitors were not 

able to prevent fibrinogen breakdown. These results were confirmed 

by in vitro studies. We conclude tihat PB-a2~^^ ^^ ^ ® most 

important inhibitor of plasmin in the circulation emd that, in 

order to obtain systemic effects, the amount of PB-a2-i^, which is 

a -threshold in circulation, has to be overcome. This Indicates that 

PB-a2-AP may be a new marker for systiemic effects during 

thrombolytic therapy. 
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INTRDDDCnaf 

Thrombolytic therapy with plasminogen activators is becoming a 

generally accepted treatment for patients suffering from acute 

myocardial infarction (i^I). Other diseases involving a 

pathological thrombus, such as venous thrombosis (I;2), thromibotic 

stroke (3,4), pulmonary embolism (5,6) and several other conditions 

(7), are also Increasingly subject tio thrombolytic treatment. 

Several thrombolytic agents are studied and are in use. They 

comprise streptokinase (SK), acylated plasminogen streptokinase 

activator complex (i^SAC), tissue-type plasminogen activator (t-PA) 

and (pro)-urokinase (u-PA, pro-u-PA). 

One main difference among these frequently used thrombolytic agents 

is the degree of fibrin specificity and the degree of systemic 

effects at effective dosages. Roughly two categories of lytic 

agents can be distinguished with SK, iVPSAC and u-PA on the one hand 

with more extensive systemic effects, and t-PA and pro-u-PA on tihe 

other hand with a smaller degree of systemic lytic effects (8). 

The systemic effects concern amongst other things, digestion of 

fibrinogen, resulting in appearance of (anticoagulant) split 

products (9), and of the coagulation factors V and VIII (10,11). 

This degradation of factors is due to tihe proteolytic action of 

plasmin, formed out of plasminogen in large amounts by the thrombo

lytic agents (12). More recently other effects of such excessive 

plasmin formation have also been described. It has been shown that 

plasminogen activation at the platelet surface leads tio degradation 

of glycoprotein lb and Ilb/IIIa complex, which inhibits platelet 

adhesion and aggregation (13). In addition, platelet mass may 

dissolve, due to the proteolytic effect of plasmin on thrombo

spondln (14). 

The significance of systemic effects in throiiibolytlc therapy has 

not yet been satisfactorily clarified. It has been suggested that 

the systemic effects are a disadvantage and may contribute to 

bleeding, the main side effect of thrombolytic treatment (15-19). 

However, data are controversial in this respect, since data which 

show the contrary have also been published (20,21). 

i^tematlvely, it has been suggested that tihe systemic effects may 

be beneficial, for Instance in obtaining recanalization (22-25). It 

has even been proposed that the systemic effects and recanalization 
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have to correlate, because of the key role of plasmin (26). In 

addition, the proteolytic damage of plasmin improves rheology of 

blood (27,28) and results in impairment of the coagulation system, 

thereby reducing the risk of re-thrombosis (25). It can be concluded 

that further study on the occurrence emd clinical significance of 

systemic effects is required. 

Since plasmin is the key enzyme in fibrinolysis, and since it is 

responsible for the systiemic effects, plasmin irihlbitors may have a 

regulatory role in both processes. Several inhibitors of plasmin 

circulate in blood: «2-antiplasmin, a2-macroglöbulln, C^-inactlva-

tor and cii-emtitirypsln. The two functional forms of a2-antlplasmin, 

the main inhibitor of plasmin, the plasminogen binding (PB-a2-i^) 

and the non plasminogen binding (NPB-0!2-i^) form, are present in 

circulation in a concentration of 0.7 juM emd 0.3 iM respectively 

(29). In vitro experiments in purified systiems have shown that 

these two forms have a different mechemism of plasmin inhibition 

(30). PB-02-iU', vdilch is the most active form, inhibits plasmin by 

rapid formation of an Irreversible 1:1 stoichiometric complex (31). 

The fimction of NPB-a2-AP is still unclear. In vitiro studies have 

shown that it is less active than PB-a2-i^ and tihat complex forma

tion with plasmin proceeds more slowly (30). Recent developments in 

the assay of 02-i^ have made it possible to determine the two 

molecular forms separately. This separatie assessment of PB- and 

NPB-a2-i^P may give information on the consumption of the two forms 

of a2-i^ during tihrombolytic therapy. 

The aim of our study was to delineate the role of plasmin 

inhibitors in control and prevention of the systemic effects, for 

which fibrinogen breakdown was chosen as marker. We Investigated, 

both in vivo and in vitro, one representative agent from each of 

the two groups of thrombolytic agents with different systemic 

effects (e.g. t-PA and SK). 

METHODS 

Patients 

We have studied the relationship isetween the consumption of plasmin 

inhibitors emd the extent of fibrinogenolysis in 35 patients 

suffering from acute myocardial infarction and receiving 
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thrombolytic treatment. These patients were participating in 

clinical studies in the Unitied Kingdom and The Netherlands, and 

gave their informed consent (32,33). The selection criteria of both 

studies are described in detail elsewhere (32,33). Nine patients 

were treatied with streptokinase (SK) (Kablklnase^, KablVitrum, 

Stockholm, Sweden) at a dose of 0.2 to 3.0 x 10^ lU Infused 

intravenously over 60 min. Twenty patients were treated with 100 mg 

recombinant tissue-type plasminogen activatior (t-PA) (BW-t-PA, 

Wellcome, Beckenham, Urilted Kingdom) infused i.v. over 90 min. In 

addition, six patients, vAio received either 20 mg (n=4) or 50 mg 

(n=2) t-PA were studied. 

Plasma 

Blood samples of the patients with AMI were taken just before the 

start of infusion and at the end of infusion (t=60 min. for SK or 

90 min. for t-PA). Venous blood was collected in trisodlumcitrate 

(9:1 v/v) emd placed immediately on melting ice. Plasma was prepa

red by centrifugation at 2000g for 30 min at 4 °C and frozen in 

small aliquots at - 70*C. It was thawed at 37 °C immediately before 

use. To exclude plasminogen activation in vitro, inhibitory 

polyclonal t-PA antibodies (250 /xg) were added immediately after 

obtaining plasma of the patients treated with t-PA (34). 

Pooled normal plasma was obtained from 20 healthy volunteers 

(male:female ratio 1.0). 

Plasma artificially depleted in PB-a2-i^ was obtained by affinity 

chromatography of pooled plasma depleted in plasminogen (by 

chromatography on lysine-Sepharose (35) ) on Kringle I-III-

Sepharose. Fractions of 4 ml were collected and the fractions with 

the highest A280 were pooled and, after dialysis, concentratied to 

the original plasma volume. Before incubation experiments, 

plasminogen was added to the plasma tio a final concentration equal 

to that of pooled normal plasma. 

The concentrations of the PB emd NPB forms of a2-i^ were detiermined 

by modified crossed immunoelectrpphoresis (CIE). This technique 

has been described earlier in detail by Kluft and Los (36) emd is 

described here only briefly. In this modified method plasminogen 

was added to the first dimension gel, resulting in reduction of 
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electrophoretic mobility of PB-02-iVP. NPB-a2-AP retains its normal 

mobility and, as is shown in figure 1, the two forms can be 

determined separately. Before second dimension electrpphoresis, an 

intermediate gel contialnlng 2% emtiserum against Lys-plasminogen (a 

gift of Dr. D.W. Traas from the Gaubius Institute) was poured to 

capture emd precipitate plasmln-a2-antiplasmin (PAP-) conplexes. 

The gel for the second dimension contained 1.5% rabbit anti human 

a2-i^ emtiserum (Nordic Immunology, Tilburg, The Netherlemds). 

Trasylol 1000 klU/ml (Bayer, Leverkusen, FRG) was added to the 

agarose to Irihlblt proteolytic activities. The concentrations of 

the PB and the NPB forms of a2-i^ were determined by measuring the 

immimc^reclpitation peeücs with a conputerized program using a Hipad 

digitalizer (Geveke Electronics, The Netherlands). For standar

dization purposes, modified CIE of plasma before and after 

treatment of one patient were run under identical conditions on one 

glass plate. By measuring the surface of the immunoprecipitation 

peaks before (pretireatment level is 100 %) and after thrombolytic 

treatment, it is possible to determine the consunptlon of both 

forms of 02-i^* î s can be observed in figure 1, a vague peak 

(arrow) is seen on modified CIE, that most likely representis 

degradation products of a2-AP, vAiich do not disturb the 

determination of the two forms. 

a2-i^ activity was measured with a modified immediate plasmin 

inhibition test (IPIT) (37). a2-Macroglobulin antigen levels were 

assayed according to laurell using a 2% antl-a2-macroglóbulin-antl-

serum from Nordic Immunology, Tilburg, The Netherlands (38). C j -

Inactlvator was measured by single radlolmmunodlffusion technique 

(Manclnl) using an emti C^-inactivator emtiserum from Behringwerke, 

Marburg, FRG (39). Plasminogen was measured according to Friberger 

et al. (40) using Kablklnase^ for activation of plasminogen and S-

2251 as a substrate, both of KablVitrum Haematology, i^sterdam. The 

Netherlemds. Fibrinogen was measured according to Clauss (41). 

Total (fibrin and fibrinogen) degradation products were measured 

using an ELISA tiechnique (Organon Teknika, Boxtel, The Netherlands) 

(42). 

In Vitro Studies 

In vitro studies were performed by addition of different dosages of 

Stieptoklneise (Kablklnase^) or single chain melanoma t-PA (sc-t-PA) 
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(43) to pooled plasma and incubation for 90 min at 37 'C. The 

dosages of SK and sc-t-PA added to pooled plasma varied from 5-1000 

lU/ml and 60-9000 lU/ml respectively. 

Statistical evaluation. 

For statistical analysis, the Wilcoxon rank sum test and tihe 

Spearman rank sum test were used. A p-value of <0.05 was considered 

to be significant. Data are given as medlem and range, unless 

otherwise stated. 

RESULTS 

a2-Antipiagniîn ocMianm^i nn during streptokineffie treatment of 

patients 

Nine MO. patients treated with a wide range of streptokinase 

dosages were studied. Treatment comprised 0.2 x 10^ lU (n=l), 0.75 

x 10^ lU (n=4), 1.5 X 10^ (n=3) and 3.0 x 10^ lU (n=l) over 60 min. 

A strong decline in plasminogen was found in all individual 

patients (from 94% (74-111) to 6% (2-49) (figure 2). The rapid 

plasmin inhibitory capacity (a2-i^ activity level) decreased from 

102% (83-129) to 11% (4-28). The consuirptlon of PB-tt2-AP was 

complete in all patients. NPB-a2-i^ decreased to 57% (36-72) of the 

pretreatment level. The concentration of a2-macroglobulln decreased 

from 83% (60-145) to 46% (33-85), whereas Ci-lnactlvator did not 

decrease (from 97% (89-103) to 95% (86-111). 

In all patients treatied with SK, practically all circulating 

fibrinogen was degraded. Independent of tihe pretreatment levels of 

fibrinogen (mean pretreatment level 85% (54-104) (not shown). 

Therefore, despite the wide range of SK-dosages, the patients 

treated with SK show a homogeneous response in consumption of PB-

a2-AP (complete), in degradation of fibrinogen (complete) and in 

consumption of Ci-inactivator (nihil). NPB-a2-i^ and «2-

macroglobulln are only partially consumed. 
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Before t-PA treatment 

•O P'-G 

PB NPB 
After t - PA treatment 

Figure 1: Modified crossed immunoelectrophoresis of plasma of a 
patient with AMI, before and after treatment with 100 mg 
t-PA. The consumption of both forms of 02-antiplasmin 
(a2-AP) is measured by calculating -the difference 
between the surface of the immunoprecipitation peaks 
before and after treatment. PB = plasminogen binding 
form of «2"^^' NPB = non-plasminogen binding form of 0:2-
AP. PLG= plasminogen, anti-PLG= gel containing 
antibodies against plasminogen. The arrow indicates a 
vague peak, probably representing degradation products 
of 02-AP. 
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STREPTOKINASE TREATMENT 

Oj-ANTIPLASMIN 
PLASMINOGEN ACTIVITY PB-Oj -AP NPB-Oj-AP 

150 1 (n=9) 

100 
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Figure 2: The levels of plasminogen, a2-antiplasmin (a2-i^) acti
vity and the plasminogen binding (PB) emd the non-PB 
forms of a2-i^ of all individual patients with AMI 
before (b) and after (a) streptokineise treatment. 
Results eure expressed in % of normal pooled plasma. The 
values of both forms of 02-i^ are expressed as % of 
pretreatment level. 

a2-Ant3p1agmTn nnngiimptlan during tlssue-tvue pTaaminngen activator 

tireatment of patients 

Twenty AMI patients, treated wltih 100 mg t-PA (in 90 min), showed 

less consumption of plasminogen and plasmin inhibitors than the 

patients tireated with SK. The plasminogen concentiration decreased 

from 104% (70-134) before treatment to 75% (59-97) aftier treatment 

(figure 3). a2-i^ activity decreased from 97% (76-129) to 33% (7-

84) after treatment. The consumption of a2~^^ mainly concerned the 

PB-form of a2-AP. This predominant consumption of PB-a2-AP is 

illustrated in figure 1. The shown figure is representative for all 

twenty patients: in only one patient was total consumption of PB-

a2-AP observed. In the 20 patients the residual PB-a2-i^ level was 
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15% (0-39) Of the pretreatment level. NPB-a2-AP decreased only 

slightly to 88% (60-100) of the pretreatment level. a2-Macroglo-

bulln, as well as Cj^-inactivator levels, did not show a significant 

decrease in the t-PA treated patients. The pretreatment levels for 

a2-macroglobulln emd Ci-lnactlvator were 89% (60-119) and 95% (54-

162) respectively, emd the post-treatment levels were 78% (52-

105) and 88% (46-115). 

Fibrinogen levels in the patients aftier treatiment with t-PA varied 

strongly from em Increase' of fibrinogen in only one patient of 31% 

to a meucimum breakdown of 79%. The median fibrinogen breakdown was 

26% of the pretreatment plasma level. 

rT-PA TREATMENT 

Oj-ANTIPLASMIN 
PLASMINOGEN ACTIVITY PB-a,-AP NPB-a,-AP 

% ISO-l 

100 

50-

Figure 3: The levels of plasminogen, oo-antiplasmin (a2-AP) acti
vity, and the plasminogen binding (PB) emd the non-PB 
forms of a2-i^ of all individual patients before emd 
after tireatment with 100 mg rt-PA. Results are expressed 
in % of normal pooled plasma. The values of the two 02-
AP forms are given as % of pretreatment levels. 
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Thus, despite the fixed dosage of t-PA studied, the systemic 

effects as derived from fibrinogen breakdown are strongly variable. 

Further, the consumption of PB-a2-AP emd plasminogen varied 

considerably between patients. 

Variability in fibrinogen degradation in t-PA treated patients 

In investigating the reason for the variability in fibrinogen 

degradation in the t-PA treated patients, we explored correlations 

with endogenous fibrinolytic parameters of the patients. A 

correlation was found between the extent of fibrinogen breeücdown 

and both the pretreatment concentrations of fibrinogen 

(r=0.59;p<0.01) and of plasminogen (r=0.55;p<0.02). No significant 

correlation was found betiween the extent of fibrinogen breakdown 

and the pretreatment levels of a2-i^ (r=0.38), a2-macroglobulin 

(r=-0.05) emd C^-inactivator (r=-0.18). The consuinption of 

plasminogen, as a percentage of the pretreatment value, 

(r«=0.58;p<0.01) and a2-i^ (r=0.55;p<0.01) also correlated wi-th the 

extent of fibrinogen breakdown, but the correlation with the lowest 

p-value was found between the consumption of the plasminogen 

binding form of a2-AP and the amount of fibrinogenolysis 

(r=0.68;p<0.002). 

In order -to investigate further the apparent relationship between 

PB-a2-iVP consunptlon and fibrinogen breakdown, we measured tihe con

sumption of PB-02-AP in patients with AKl who were treated with low 

dosages of t-PA. The consumptions of PB-02-AP and fibrinogen are 

also given in figure 4. The less extensive activation of the 

fibrinolytic system in these patients was reflected by a lower 

consumption of PB-a2-i^ and fibrinogen. As mentioned before, in tihe 

SK-treated patients, all PB-a2-i^ was consumed, along with a total 

breakdown of fibrinogen, as determined by the Clauss metihod. The 

correlation of PB-a2-i^ consumption and fibrinogen consuinption in 

all patients with i^I who were treated with plasminogen activators 

(both SK emd t-PA) was highly significant (r=0.88;p<0.001;n=35). 
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Figure 4: The relative breeikdown of fibrinogen plotted against the 
consunptlon of the plasminogen binding form of 02-
emtiplasmln (a2-AP) of all patients with î MI, receiving 
thrombolytic treatment.D= various dosages streptokinase 
• = 100 mg rt-PA; • = 50 mg rt-PA; O = 20 mg rt-PA. A 
strong correlation between consumption of PB-a2-iVP and 
the percentage breakdown of fibrinogen was found 
(r=0.88; p<0.001). 

IN VITRO STUDIES 

StreptoV-inaga 

In order to investigate whether the findings in the patients 

receiving thrombolytic therapy could be confirmed in vitro, we 

incubated pooled normal plasma witih SK and t-PA. 

Incubation of pooled normal plasma with SK resulted in a strong 

plasminogen activation emd a decrease of both a2~^^ forms. At low 

dosages, PB-02-i^ is preferentially consumed; NPB-a2-i^ is consumed 

only at higher dosages SK (figure 5). Maximum consumption of NPB-

a2-i^ stabilizes at about 50%, even after addition of very high 

dosages of SK, \diich coincides with a depletion of plasminogen. In 
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these in vitro experiments, no fibrinogen breakdown occurred until 

PB-a2-i^ was reduced to less than about 20-25 % of the initial 

level. 

i^dltlon of even very low dosages (10 lU/ml) of strep-tokinase to 

plasma artificially depleted in PB-a2-i^ resulted in breakdown of 

all fibrinogen. 

100% 
« PB-AP 

ONPB-AP 
• PLASMINOGEN 
•k FIBRINOGEN 

50% 

25 50 200 1000 

lU SK/ml 

Figure 5 : Resu l t s of t h e i n v i t r o e:q>eriments with s t r e p t o k i n a s e . 
Experiments were performed by add i t ion of va r ious 
dosages of st ireptoklnase t o normal pooled plasma, which 
was Incubated for 90 minutes a t 37'C. 
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Tissue-type pl̂ fap̂ iifŷ gon actiivator 

Incubation of plasma with single chain t-PA showed tihe same pattern 

as with SK. However, extremely h l ^ dosages of t-PA were required 

to achieve consumption of NPB-a2~AP. Further, these Incubation 

experiments showed that fibrinogen breakdown occurred after PB-a2-

ia> reduction to 25% or less (figure 6). iUxiordingly, Incubation of 

PB-a2-AP depleted plasma with low dosages of t-PA (600 mlU/ml) 

resulted in consumption of all fibrinogen. 

100% 
• PB-AP 

aNPB-AP 
PLASMINOGEN 

* FIBRINOGEN 

50% 

lU tPA/ml 

Figure 6: Results of the in vitro e}q>eriments with tissue 
plasminogen activator. Experiments were performed by 
addition of various dosages of single-chain t-PA to 
normal pooled plasma, which was Incubated for 90 
minutes at 37°C. 
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DISCI]SSI(»T 

All tihrombolytic agents in use show systemic effects at clinically 

effective dosages. However, the degree of systemic effects is 

strongly variable, nils may be ascribed to differences in fibrin 

specificity of the various agents, but differences in endogenous 

(fibrinolytic) factors among patients may also contribute to the 

varlabili-ty in systemic effectis. 

The aim of our study was to delineate the role of endogenous 

factors, in particular physiological inhibitors of plasmin, in 

controlling systemic effects during thrombolytic therapy. We 

therefore investigated both the degree of consumption of various 

plasmin inhibitors and the degree of fibrinogen breakdown, by 

activating plasminogen in plasma in vivo emd in vitro. This was 

carried out firstly in patients with acute myocardial infarction, 

treated with various dosages of different tihrombolytic agen-ts, and, 

secondly, by in vitro experiments, in which plasma was incubated 

with various amounts of thrombolytic agents. 

For the quantification of a2-i^ consunçtion, we studied for the 

first time the two molecular forms of a2-AP separately, by using 

modified CIE (36). Most of the activity assays for a2-i^ used 

nowadays, are not specific for one of the two forms, but measure 

both forms, i^ditlonally, tihese methods are frequently disturbed by 

other plasmin Irihlbitors, for instance a2-macroglobulin. In an 

immunological assay, as in CIE, the presence of plasmin-a!2-i^ (PAP) 

complexes in plasma may disturb in vitro studies, but may also 

disturb in vivo studies due to the ratiher long half life of about 

12 hours of the complexes in circulation (44). By using an 

Intermediate gel containing antl-plasmlnogen antibodies to capture 

and precipitate these complexes, it was possible to study the 

consumption of both forms of a2-iVP. 0:2"'^°'^^^°*'"^^'^ levels were 

determined only in vivo by immunoelectrophoresis (39), which was 

not disturbed by plasmin-a2-macroglobulin complexes, because of tihe 

rapid clearance of the latter from the circulation (45). 

Fibrinogen consumption was recorded by the Clauss clotting rate 

assay. This assay can be disturbed by high levels of fibrin(ogen) 

degradation products, which occurred in the patients treated with 

streptokinase (total (fibrin and fibrinogen) degradation products 

(TDP) were 124 jug/ml, range 6-270). However, in tihe patients 
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treated with t-PA, total amount of split products were low, 3.1 

/iig/ml (0.5-19.2), and outside the range that affects the Clauss 

method. This was confirmed for one of the patients' plasma sample 

with tihe highest levels of TDP. At the dilution used in the Clauss 

assay, the dose response curve of this plasma was peurallel to the 

standard curve (data not shown). The low levels of fibrin(ogen) 

degradation products in tihe plasma sangles of tihe patients treated 

with t-PA may be due to the addition of polyclonal antibodies 

against t-PA Immediately after obtaining plasma, to prevent 

fibrinogen breakdown in vitro. The results are therefore represen

tative for the actual situation in vivo. 

The studies in patients treated with t-PA and SK and the incubation 

experiments in vitro showed similar results. Activation of 

plasminogen results firstly in consumption of PB-a2-AP only, 

without any role for NPB-a2-i^ and a2-inacroglobulln. This was 

demonstrated in some patlentis treated with 100 mg t-PA and patients 

treated with lower dosages t-PA. This finding is in accordance with 

previous studies, in which a2-macroglobulin is found to play only a 

minor role in plasmin inhibition, as long as a2-i^ is present in 

circulation (46). Higher degrees of plasminogen activation in tihe 

t-PA treated patients resulted in the onset of exhaustion of PB-a2-

AP (<20%), and consumption of NPB-02-AP and o:2-Tiiacroglobulin. After 

extensive plasminogen activation, as in patients tireated with SK, 

the consunptlon of PB-a2-i^P was complete and consumption of both 

NPB-o!2-i^ and a2-macroglobulln was partial. The consuirptlon of NPB-

û!2-i^ amounted to about 50 % (0.15/xH) and of a2-inacroglobulln to 

about 30% (l.OjuM). This indicates that both inhibitors are about 

equally effective, but that, because of its higher concentration, 

a2-macroglobulln binds more plasmin. The consumption of both 

Inhibitors is only partial because of an excess of the inhibitors 

over tihe amount of plasminogen available for activation (figure 7). 

Accordingly, we found in vitro an increased consumption of NPB-a2-

i^, if the plasminogen consumption was increased by addition of 

exogenous plasminogen to the test plasma (datia not shown). It 

should be noted that it is demonstrated for the first time that 

NPB-a2~^^ Irihlblts plasmin in vivo. There was no C^-inactivator 

consuirptlon in our study at any degree of plasminogen activation, 

and Cj^-inactivator seemed to play no Inportant role in plasmin 

inhibition in vivo. 
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The pattiem of fibrinogen degradation during plasminogen activation 

was similar botih in vivo and in vitro. Both studies revealed that 

fibrinogen consumption was strongly correlated with tihe consunptlon 

of PB-a2-i^. Fibrinogen breakdown occurred only vrtien more than 

êüx>ut 80 % of the PB-a2-i^ was consumed. The fact tihat other 

plasmin inhibitors in plasma were still present in a concentration 

of 50-90% of the pretreatment level, even at the highest degree of 

plasminogen activation, indicates tihe minor importemce of tihese 

irihlbitors in preventing systemic effects. It also Indicates that 

only PB-a2-iVP plays an Inportant role in control and prevention of 

systemic effects of plasmin in circulation emd that the eunount of 

PB-a2-i^ seems to be a threshold vdilch has to be overcome to obtain 

systemic effects. PB-a2-i^ may therefore be used as a new marker 

for systemic effects during thrombolytic therapy. Although the 

assay (mCIE) used in this study is useful, it is a very complicated 

one. At present we are developing a new biological immunoassay 

specifically for the detiermlnation of PB-02-AP. 

In figure 7 the concentrations of the various inhibitors of plasmin 

and plasminogen in plasma are shown. It shows that plasminogen (1.5 

fM) is present in more than twofold concentration con%>ared to PB-

a2-AP (0.7 i M ) . Since systemic effects do occur when more than 80 

percent of PB-a2-AP is consumed, about 35 % of the total 

plasminogen pool in plasma has to be activated to obtain systemic 

effects. It would be of Interest to measure the rate of change in 

concentration of PB-a2-i^ in relation to fibrinogen breakdown 

during the course of Infusion. 

Apart from a clear relationship between tihe consumption of PB-02-i^ 

and fibrinogen degradation, other endogenous factors may also 

contribute to the variability in systiemic effects. We observed for 

Instance, that the pretreatment levels of a2~^^ showed a large 

variability. This wide range may, because of the threshold function 

of PB-a2-AP, contribute to tihe variability in systemic effects. 

However, the pretrea-tment values of a2-i^ did not show a 

significant correlation with fibrinogen consumption. The 

varieüsillty may also be dependent upon the individual levels of the 

thrombolytic agents in the circulation (21) and the degree of 

plasminogen activation achieved in tihe patient. However, we did not 

study the individual levels of the thrombolytic agents. 

We found a significant correlation between the amount of activated 
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plasminogen and fibrinogen consunptlon (0.58;p<0.01), similar as 

has been previously reported (11). A significant correlation was 

also found between plasminogen activation and pretreatment levels 

of pleisminogen (r=0.76;p<0.001). This is in accordance with t h e 

kinetics of pleisminogen activation, which is directly related to 

plasminogen levels in the circulation. In accordance with the 

aforementioned correlations, a correlation between pretreatment 

levels of plasminogen emd the consunptlon of fibrinogen was also 

detected. 

3.0 

CONCENTRATION 
(>iM) 

PLC PBa^P NPB«^P a2M C,-l 

Figure 7: Average plasma concentration (in /iM) of plasminogen and 
plasmin inhibitors (black bars). The open bars indicate 
the maximum consumption of plasminogen emd the plasmin 
Inhlbltiors after excessive plasmin formation, as was the 
case in the patients tireated with streptokinase. In 
plasma, plasminogen is present in a twofold 
concentration coiQ>ared to the plasmlnogen-binding form 
of a2-emtiplasmin (a2-AP). Ci-I=Ci-lnactivator; a2-M=a2-
macroglobulln; NPB-a2-i^P=non-plasminogen binding form of 
a2~AP; PB-a2-AP^lasmlnogen binding form of a2-iVP. 
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Our study provides Insight in the variability in systemic effects 

during tihrombolytic therapy and shows the important role of PB-Q!2-

i^ in the control and prevention of systemic effects. The clinical 

significance of -the systemic effects is un]aiown, since it is 

doubtful \^ether these effects are beneficial or disadvantageous in 

obtaining recanalization, the pathogenesis of bleeding and -the 

ocurrence of retihrombosls. It is therefore unclear v^ether or not 

the systemic effects should be prevented. It can be concluded that, 

in order tio obtain systemic effectis, all PB-a2-AP, tihe most 

Important Inhibitor of plasmin in the circulation, has to be 

overcome. PB-a2-i^ may therefore be used as a new marker for 

systemic effects in patients undergoing thrombolytic -therapy. 
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ABSfTRACr 

We have studied the different molecular forms of a2-antiplasmin 

(a2-AP), tihe major Inhibitor of plasmin, in plasma and in other 

body fluids of healthy individuals and in patients with various 

diseases. We used a modification of the crossed Immuno

electrophoresis technique (mCIE), by addition of monoclonal 

antibodies (HAb) against the COOH-tiermlnal part of a2-antiplasmin 

to tihe gel of the first dimension electrophoresis. The addition of 

Mi^ resulted in a mobility reduction of the plasminogen binding 

(PB) form of a2-AP, whereas the non-plasminogen binding form (NPB-

a2-i^) retained its normal mobility. A two-peeik pattern is 

obtained emd the relation between the molecular forms of a2-i^ in 

plasma, serum and other body fluids can be studied. 

We studied the conversion of PB-a2-AP into NPB-a2-i^, using this 

mCIE tiechnique emd found evidence that the in vivo emd in vitro 

conversion have different mechanisms. 
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INTRODDCTK»! 

a2-i^tlplasmin (a2-iVP), the main inhibitor of plasmin (1,2,3), 

circulates in plasma in two different molecular forms: A 

plasminogen binding (PB) form and a non-plasminogen binding (NPB) 

form (4). The concentrations of PB-a2~AP and NPB-a2-AP in the 

circulation eure 0.67 juM and 0.30 (M respectively (5). PB-a2-i^ is 

the most active form. It rapidly forms a stable 1:1 conmlex with 

plasmin (6), and is able to bind reversibly to plasminogen (7) and 

crosslink to fibrin. The latter is mediated by factor XIIIA (8). 

NPB-a2-i^ is the less active form, with a slow rate of complex 

formation with plasmin emd no plasminogen or fibrin binding proper

ties (9). PB-Q!2-AP is syn-thesised by the liver (10) and converted 

to NPB-a2-iVP in the circulation (11). The conversion of PB-a2-i^ 

into NPB-a2-i^ has been demonstrated both in vitro and in vivo and 

is temperature dependent (11). PB-a2-i^ has a halflife of about 8 

days at 37 °C (11). The mechanism of -the conversion of PB-a2-iVP 

into NPB-a2-AP is still unknown. 

Until recently the two molecular forms of a2-i^ could only be 

studied using a modification of the crossed immuno-electrophoresis 

(CIE) technique according to Weeke (12). In this method plasminogen 

is added to the first dimension gel (13). The binding of PB-a2-i^ 

wi-th plasminogen results in a reduced mobility of PB-a2-AP conpared 

to NPB-a2-i^, giving two immunoprecipitation peaks. In -this study 

we have used modified crossed immunoelectrophoresis (mCIE), and 

added monoclonal antibodies against the COOH-terminal part of 02-

î P, which harbours the plasminogen binding site (14), in the first 

dimension gel. The aim of the study was to obtain more insight in 

the behaviour of the molecular forms of a2-AP. Therefore we studied 

the molecular forms of a2-AP in plasma and serum of healtihy 

individuals and patients wltih various diseases, and in other body 

fluids. We also followed the conversion of PB-a2-i^ into NPB-a2-AP 

in vitro emd in vivo and found evidence that tihe mechanisms of the 

in vivo conversion is different from the in vitro conversion. 
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MATERIAIS AND MEIHODS 

Materials 

Agarose for electrophoresis (Electran) was obtained from BDH Chemi

cals, Poole, England. Trasylol was purchased from Bayer Ag 

(Leverkusen, FRG). Glu-pleismlnogen was prepared from human Cohn 

fraction III by affinity chromatiography on lysine-Sepharose (15). 

Monoclonal emtlbodles against a2-i^ were obtained from Serothe-

rapeutlsch Institut (Vienna, Austria) (16). Polyclonal rabbit anti-

human 02-i^ emtiserum was obtiained from Dakppatts (ITK, Uithoorn, 

The Netherlemds) (I), Stiago (Paris, France) (II), Behringwerke 

(Marburg, FRG) (III), Nordic Immunology (Tilburg, The Netherlands) 

(IV) emd i^erlcan Diagnostica Inc (New York, USA) (V). Nonadsorbed 

antiserum raised in rabbits against Lys-plasminogen was a gift of 

Dr. D.W. Traas of the Gaubius Institute. Purified PB-a2-i^ was 

obtained from Biopool (Umea, Sweden). 

Plasma of patients with various disorders, was obtained according 

to standard procedures (17,18). Reference normal plasma was 

obtiained by pooling plasma, obtained from 20 healthy volunteers. 

Plasmlnogen-free plasma was prepared by affinity chroma-tography of 

normal pooled plasma on lysine-Sepharose (15). This plasmlnogen-

free plasma was then used to prepare plasma depletied in PB-a2-i^, 

by affinity chromatography on kringle I-III Sepharose. To the 

plasma depleted in both PB-a2-AP and plasminogen, plasminogen was 

added to a concentration of 100% compared to pooled normal plasma. 

Plasma depleted in NPB-a2-i^ was obtiained by addition of purified 

PB-a2-iVP (in a concentration of 0.7 juM) to plasma of a patient with 

a homozygous type I a2-î P deficiency (19). 

Standard procedure of -the etssav: 

The gel for the first dimension was 1% agarose in 0.03 mol/1 sodium 

diethylbarbiturate/HCl, pH 8.6, containing 20 jLig (50 riM) monoclonal 

antibody, which was added to the gel just before pouring tihe gel. 

Into a punched well 5 ß l plasma was applied just before 

electrophoresis. First dimension electrophoresis was run for 4 hrs 

at 100 V at 12'C. Tlie gel for tihe second dimension contained 

polyclonal anti-human a2-AP antiserum. The second dimension was run 

overnight at 90 V at 12'C. Trasylol (1000 KlU/ml) was added tio the 

agarose to inhibit protieolytic activities. The peak surfaces were 
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determined by a computerized program, using a Hipad digitalizer 

(Geveke, î ms-terdam. The Netherlands). The PB:NPB ratio was 

determined by dividing the surface of the inmiunopreclpltation peak 

of PB-a2-AP by the surface of the NPB-a2-i^ peak. Plasmin-a2-i^ 

(PAP-) complexes could be captured emd precipitated, using em 

intermediate gel, containing 2% of a non-adsorbed antl-plasmlnogen 

antiserum, vrtiich was poured just before the second dimension 

electrophoresis. 

RESULTS 

MCIE -to study the aoleculeu: forms of a2̂ antipTaginîTi-

In normal crossed Immunoelectrophoresis of plasma, a2-AP has 02 

electrophoretic mobility (not shown). When modified crossed 

Immunoelectrophoresis (mCIE) of pooled normal plasma against a2-i^ 

was carried out with plasminogen in the first dimension gel, two 

immunppreclpltation peeücs were obtiained (Figure la). These two 

peaks represent tihe plasminogen binding form, the retarded peak, 

and the non-plasminogen binding form of a2-AP, the non-retiarded 

peak. If monoclonal antibodies (KMa) against the COOH-terminal part 

of a2-i^, harbouring the plasminogen binding site, were added to 

the first dimension gel, the same pattern wets obtained (figure lb). 

Plasma samples containing PB-a2-i^ or NPB-a2~AP only, gave single 

immunoprecipitation peaks. The mobility of PB-02-i^ was strongly 

reduced compared to the mobility of a2-i^ in CIE (figure Ic), while 

no reduction of mobility was found of the NPB-02-i^ immuno

precipitation peak (figure Id). 

We studied the PB:NPB ratios of plasma and serum in 19 healthy 

volunteers (using antiserum I). The PB:NPB ratio of plasma was 2.95 

± 0.56 emd of serum 2.28 ± 0.45. 

The PB:NPB ratio is strongly dependent upon the polyclonal 

antibodies used in the second dimension gel. In table 1 tihe PB:NPB 

ratios of normal pooled plasma measured with various antibodies are 

given. 

The separation of the two molecular forms of a2-i^ was accomplished 

by a reduction of the electrophoretic mobility of PB-a2~AP by 

binding to WAb. This mobility reduction was dependent upon the 
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Figure 1: a) Modified crossed Immunoelectrophoresis (mCIE) of 
pooled plasma with plasminogen added to the first 
dimension gel. This results in two immuno-precipitation 
peaks: tihe plasminogen binding (PB) and tihe non-
plasminogen binding (NPB) forms of a2-AP respectively, 
b) MCIE of pooled plasma with monoclonal antibodies 
(MAb) added to the first dimension gel. c) MCIE with MAb 
of plasma containing PB-a2-AP only, d) MCIE with MAb in 
tihe first dimension gel of plasma depleted in PB-a2-AP. 
Polyclonal antibodies against 02-antiplasmin (a2-AP) are 
added to the second dimension gel in all mCIEs. The 
mClEs were not run under identical conditions. 
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concentration of MAb in the first dimension gel (Figure 2). By 

Increasing the MAb concentration in the gel, a maximum mobility 

reduction for PB-a2-AP of 35% was obtained. The half meuclmum 

mobility change was at a MAb concentration of 12.5 nM, which 

represents an apparent dissociation constant of the PB-a2-i^P-MAb 

complex. For routine use of the test 20 pg (50 riM) of the Mi^ 

solution was added to the first dimension gel. 

nM MAb 

Figure 2: The relative mobility of PB-a2-i^ in mCIE with various 
concentrations of MAb in the first dimension gel, 
compared to CIE without addition of Mi^. The maximum 
mobility reduction is 35 %. 

The variation in the concentration of WAb in the first dimension 

gel did not have any effect on the ratio between the two molecular 

forms of 02-antiplasmin (figure 3). However, the PB:NPB ratio was 

strongly dependent upon the concentration of plasminogen in the 

first dimension gel. i^ increase of the plasminogen concentration 
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resulted in decreasing ratios (fig 3 ) . This was found to be 

dependent upon the antiserum used in tihe second dimension. Use of 

antiserum II, ins-tead of antiserum I, resulted in more stable 

ratios ranging from 1.42 to 1.22 with plasminogen concentrations 

veurying from 0.4/iM to 1.2juM (data not shown). 
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Figure 3: PB:NPB ratio of pooled normal plasma determined by mCIE 
with WAb or plasminogen in the first dimension gel. In 
both mCIEs, antiserum I was used in the second 
dimension. It shows that the PB: NPB ratios are 
Independent of tihe MiVb concentration used. The ratio is 
however dependent upon the plasminogen concentration 
used in the first dimension gel. 

Table 1: Modified crossed immunoelectirophoresls of normal pooled 
plasma witih WAb added to the first dimension gel and 
various polyclonal anti 02-AP emtlsera added to -the 
second dimension gel. 

i^tlserum 
(second dimension) 

PB:NPB ratio 

2.12 
1.67 
2.11 
1.96 
1.33 

number of 
measurements 

6 
4 
3 
5 
2 

I 
II 
III 
IV 
V 
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PBrNPB a2-AP in disease. 

We studied the behaviour of the two molecular forms of 02-

emtiplasmin in two disease states, known to be associated with 

changes in the fibrinolytic systiem: liver cirrhosis emd chronic 

renal failure. The PB:NPB ratio increeised in patients with mild and 

severe liver cirrhosis, compared to a control group of healthy 

individuals (table 2). In patients with chronic renal failure, tihe 

ratio PB:NPB also Increased (-table 2). 

Table 2: PB:NPB ratio of plasma of patients with mild and severe 
liver cirrhosis emd chronic renal failure. MAb were used 
in the first dimension gel. 

Patient group number 

liver cirrhosis 
mi Id 12 
severe 12 
control group 12 

chronic pena], failure 
patients 23 
control group 6 

PB:NPB ratio 
(median;range) 

2.8; 2.1-3.7 
4.0; 1.7-15.4 
2.2; 1.8-2.7 

2.6; 1.9-3.7 
2.2; 1.8-2.7 

antiserum 
(second dimension) 

IV 
IV 
IV 

III 
III 

PB:NPB a2-AP in other body fluids. 

It is known that 012-antiplasmin is present in various body fluids, 

including synovial fluid and ascites (20,21). We studied the two 

molecular forms in these body fluids witih the above mentioned 

method. In figure 4a emd 4b pictures of a mCIE of ascites of a 

patient with severe cryptogenic cirrhosis and of synovial fluid of 

a patient with active rheumatoid arthritis are given. By using em 

intermediate gel containing antl-plasmlnogen antibodies, plasmln-

a2-AP (Pi^) complexes were captured and precipitated, as is shown 

in figure 4c. These pictures indicate that a2-i^ is present in 

synovia mainly in complex with plasmin or as NPB-a2-iVP, emd not as 

PB-aj-AP. 

107 



/*-*

NPB

Fignrre 4: a) MCIE of ascites of a patient with severe c4ptogenic
cirrhosis. b) MCIE of qmovial fluid of a patient with
rheurnatoid aÉhritis. c) MCIE of slmovial fluid of a
patient wittr rheumatoid arthritis, using an intermediate
gel containing anti-plasminogen antjJcodies. Plasmin-d2-
antiptasnin complexes are precipitated in the
intermediate geI.
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Investigations on the conversion of PB-a2-AP into NPB-Oo-AP 

Up till now it was assumed that the conversion of PB-a2-AP into 

NPB-a2-i^ was the same in vitro and in vivo (10). 

In figures 5a and 5b mCIEs with plasminogen in the first dimension 

gel are given of plasma before and after 10 days incubation at 

37 °C. It can be seen that PB-a2-i^, by losing its plasminogen 

binding property, is converted into NPB-a2-i^. 

\ 
"•• in- 'WI. •(,. 

O 

Figure 5: a and b) MCIEs of normal plasma with plasminogen in the 
first dimension gel before and after 10 days incubation 
at 37°C. This resulted in the conversion of PB-a2-AP 
into NPB-a2-AP. c and d) mCIEs of normal plasma wi-th MAb 
in the first dimension gel before and after 10 days 
incubation at 37°C. The conversion of PB-a2-AP could not 
be detected, indicating that the NPB-a2-AP obtiained by 
in vitro conversion retains its MAb binding property. 
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In figures 5 c and d MCIEs wi-th MAb in the first dimension gel are 

given of plasma before and after 10 days incubation at 37°C. The 

pattern of the two immunoprecipitation peaks is not changed upon 

incubation in vitro. This indicates -that the plasminogen binding 

property of PB-a2-i^ is lost upon incubation, while the MAb binding 

site is still functional. 

By pouring a first dimension gel, containing plasminogen and MAb, 

three peaks could be demonstrated in the incubated plasma samples. 

They represent PB-Oj-AP, NPB-a2-ÀP binding to MAb and NPB-a2-i^ 

neitiher binding to plasminogen nor to MAb (figure 6). 

.,; -.H •; i-:..-,. 

Figure 6: MCIE with MAb and plasminogen in the first dimension gel 
of plasma incubated for several days at 37"C. The 
addition of both MAb and plasminogen resulted in the 
appearance of a third peak. The peaks represent PB-a2~ 
AP, NPB-Q2-AP"'' (with MAb binding property) and NPB-a2-
i^~ (without MAb binding property) respectively. 
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DISODSSIOÏ 

Earlier studies on a2-i^ revealed the existence of two molecular 

forms. The pleisminogen binding (PB) form is the most active by a 

very fast complex formation with plasmin. The non-plasminogen 

binding (NPB) form is the less active. PB-a2-i^ is synthesized by 

the liver emd NPB-a2-AP is formed in the circulation by conversion 

of PB-a2-ilP (11). 

Previously we were able to study -the two molecular forms of a2-AP 

with modified crossed iimaunoelectrophoresis using plasminogen in 

the first dimension gel (13). The addition of plasminogen in the 

first dimension gel resultied in binding of PB-a2-AP to plasminogen, 

emd thus a reduced electrpphoretlc mobility of PB-a2-i^. The two-

peak pattern obtained with mCIE showed the PB-a2-AP and the NPB-02-

i^ p e a k respectively (figure la). This method has been used to 

assess the concentrations of the two forms in healthy individuals 

(11,13), to study the complex formation of a2-i^ wi-th plasminogen 

(13,22) emd to study the conversion of PB-a2-iVP into NPB-a2-AP 

(11). MCIE was also used to study the complex formation of 

histidine-rich glycpprotein and plasminogen (22). 

In the method presented here, we used a commercially available 

monoclonal antibody (MAb) directed against the COOH-terminal part 

of a2-antiplasmln in the first dimension gel. The COOH-terminal 

site of a2-emtlpleismin harbours the plasminogen binding site. The 

binding of the COOH-terminal sitie of PB-a2-i^ to MAb resulted in a 

decreased electrophoretic mobility of PB-a2-i^. MCIE with MAb in 

the first dimension gel could therefore be used to study the 

relation between the molecular forms of a2-i^. We first studied the 

ratio between PB-a2-iVP and NPB-a2-AP in pooled normal plasma. The 

PB:NPB ratio was dependent upon the polyclonal anti-a2-i^ antiserum 

used in the second dimension. This is in accordance wltih the 

findings of Kluft et al, vAio demonstratied differences in 

specificity of various antl-02-i^ antlsera for the two molecular 

forms of a2-i^ (5). 

We studied the PB:NPB ratio in plasma and serum of healthy 

volunteers emd found lower PB:NPB ratios in serum compared -to 

plasma. This can be explained by the fact that PB-a2-i^, in 

contrast to NPB-a2-i^, has the ability to crosslink to fibrin 

during clot formation. The amount of PB-a2-i^ in serum is therefore 
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reduced compared to plasma, resulting in a decreased PB:NPB ratio 

in serum. 

In figure 3 it was shown that mCIE with plasminogen revealed 

different PB:NPB ratios dependent upon the plasminogen 

concentration used. The variability in the PB:NPB ratio was found 

to be dependent upon the antibodies used in the second dimension 

gel. Plasminogen bound -to a2-i^ probably Interferes with the assay 

by changing the height of the PB-a2-i^ peeüc. This indicates that it 

is of Importance to use constemt emd appropriate concentrations of 

plasminogen in -the first dimension gel. iUMltionally the use of 

different antibodies in the second dimension gel cem disturb the 

assay. Therefore studies using different antlsera cannot be 

conipared wi-th each other. 

We studied the PB:NPB ratio of 02-i^ in two different disease 

states: chronic renal failure and chronic liver disease 

(cirrhosis). Chronic renal failure is known to be associa-ted with a 

decreased fibrinolysis, for which the cause is still unclear (23). 

We found a higher PB:NPB ratio compared to a control group of 

healthy volunteers (table 2), which was accon^>anied by hic^ ^ 2 ' ^ ^ 

activity (17). 

We also studied tihe PB:NPB ratios in patients with cirrhosis of the 

liver. This weis also associated with an Increase of the ratio, 

although the activity levels of a2-AP decreased, due to a decreased 

concentration of a2-i^ (18). The increase of the PB:NPB ratio may 

be a non-specific reaction, caused by em acute phase reaction. 

This is in contradiction wltih earlier findings, in vAilch patients 

with liver cirrhosis were thought to be in a steady state, 

associated with normal PB:NPB ratios (10). 

MCIE can also be used to study tihe PB:NPB ratio in other body 

fluids, such eis ascites and synovial fluid. In figure 4b, a mCIE is 

given of synovial fluid of a patient wltih active rheumatoid 

arthritis, in which both forms of a2-i^ are present in em other 

concentration compared to plasma. In figure 4c the Pi^-complexes 

are precipitated, by using an intermediate gel containing antl-

plasmlnogen antibodies. It can be concluded from these pictures 

that a2-AP is present in synovial fluid mainly in complex with 

plasmin (PAP-complexes) or as NPB-02-iVP. In patients with rheumatic 

disease, fibrin deposition is one of the major pathogenetic 

mechanisms of cartilage destiruction (24). The fibrinolytic system 
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may therefore be of inportance in rheumatic disease emd the 

concentration of tihe major plasmin inhibitor a2-AP in synovial 

fluid may influence the extent of fibrin depositions. 

The conversion of PBr-ĝ -Jff into NPB'-a2-AP 

Earlier studies have shown that the conversion of PB-02-i^ in 

circulation (in vivo) generates NPB-02-i^, which has lost the rapid 

plasmin inactivating, plasmlnogen-binding emd fibrin cross-linking 

properties (11). The conversion of the active PB form into the less 

active NPB form is associated by a decrease of the a2-antlplasmln 

activity (11). The in vitro studies on the conversion of PB-a2-i^ 

into NPB-02-i^ showed that, using mCIE with plasminogen in the 

first dimension gel, the conversion could be followed visually 

(figure 5a and 5b). However with VAb in the first dimension gel, no 

conversion could be visualized (figure 5 c and 5d). Thus, during in 

vitro conversion the formed NPB-02~AP retains its MAb binding site, 

i^ was shown in figures 1 a and b, MCIEs with MAb emd plasminogen 

in the first dimension gel of fresh obtained plasma show a similar 

pattern of immunoprecipitation peaks. This indicates that NPB-a2-i^ 

in vivo has no WAb binding property, in contrast to NPB-a2-i^ 

obtained by in vitro incubation. Therefore we can conclude that the 

in vivo conversion of PB-ce2-î  is another process than the in vitro 

conversion. 

After Incubation of plasma for several days, we could, by addition 

of plasminogen and MAb into the first dimension gel, detect three 

Immunoprecipitation peaks. These represented PB-a2-i^, NPB-a2-AP, 

which has a KAb binding site and NPB-02-i^, without a MAb or 

plasminogen binding site, respectively (figure 6). We propose to 

call these two NPB-a2-AP forms NPB-02-AP'̂  (+MAb binding) emd NPB-

02-i^" (-MAb binding). We tried to demonstrate the NPB-a2-i^ form 

in plasma in vivo, by using Mi^ and plasminogen in the first 

dimension gel. If NPB-a2-î ''' is present in vivo, one would expect 

to find a third peak, between the PB-a2-AP peak and the NPB-a2~AP~ 

peak. However we could not demonstrate this in plasma and serum of 

healthy Individuals or patients nor in synovial fluid (data not 

shown). 

We hypothesized on the mechanism of the conversion emd arrived at 

two possible explanations: conversion of PB-a2-i^ is accomplished 

by (a) two consecutive steps of conversion, of \dilch the last one 
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is only found in vivo, or (b) two different conversion steps in 

vivo and in vitro. 

a) in vivo PB-02-i^ is converted into NPB-02-AP*, thereby losing 

its rapid plasmin inactivating and plasminogen binding properties, 

but retaining its MAb binding property, followed by conversion into 

another NPB-a2-AP~, ^Ich in addition has lost Itis MAb binding 

property. 

b) the conversion mechemism in vivo and in vitro eure totally 

different processes. T h i s would be in accordance with our findings 

that NPB-a2-i^ could not be demonstrated in vivo. 

The conversion cem be accomplished by a molecular rearrangement or 

by splicing of a peptide of -the COOH-terminal site. 

iOi earlier study on NPB-a2-i^ showed that a peptide was split of 

the COOH-terminal site of the molecule. NPB-a2-AP in this study was 

obtained by purification of NPB-a2-i^ out of plasma vAilch was 

Incubated for 20 days at 37*C (14). This NPB-a2-AP, formerly 

thought to be the same as NPB-a2-i^ in the circulation, is however 

NPB-02-iVP'̂ . The conversion in vitro therefore seems to be 

acconplished by splicing of a peptide. More studies on the two 

molecular forms are necessary to reveal the mechanism emd tihe 

clinical relevance of conversion of PB-a2-i^ into NPB-a2-AP in 

vivo. 

The metihod presented here is a new, useful emd easy assay. It opens 

new possibilities to study the different molecular forms of 02-

antiplasmin emd hence to obtain more insight into the behaviour of 

the molecular forms of a2-i^ in health and disease. 
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CHAPTER 7 
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î BSTRACT 

Histidlne-rlch glycoprotein (HRG) reduces by complex formation with 

plasminogen the amount of "free" plasminogen in circulation and is 

therefore considered an inhibitor of fibrinolysis. We studied the 

levels of both HRG and plasminogen in patients with different 

degrees of liver cirrhosis to assess tihe role of HRG in enhanced 

fibrinolysis in these patients. In mild (Child A) cirrhosis, HRG 

levels unexpectedly were significantly Increased. The total 

plasminogen level and the calculated amount of "free" plasminogen 

were decreased. In moderatie (Child B) cirrhosis, both HRG levels 

and totial plasminogen levels were reduced, resulting in a normal 

amount of "free" plasminogen in circulation. In severe (Child C) 

cirrhosis, HRG level, total plasminogen level, and "free" 

plasminogen level were all decreased. Because the HRG level is 

increased in Child A liver cirrhosis, we suggest that other 

mechanisms, other than simply a decreased synthetic capacity of the 

liver, contribute to the changes in HRG levels in patients with 

liver disease. Because of the reduction of "free" plasminogen 

levels in severe liver cirrhosis, we propose that the decrease in 

HRG levels in liver cirrhosis plays no role in enhanced 

fibrinolysis in these patients. The increase in the HRG level in 

liver cirrhosis Child A may be of Importance in future studies on 

familial thrombosis associated with elevatied levels of HRG, where 

mild liver dysfimction should at least be excluded. 
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INIRDDDCTiai 

Histidlne-rlch glycoprotein (HRG) is a glycoprotein with a 

molecular mass of 80,000 D that circulaties in plasma in a 

concentration of ai^roximately 1.8 jianol/l (1) emd is thought to be 

synthesized in the liver (2). By interacting reversibly with the 

lysine binding sites of plasminogen, HRG reduces by complex 

formation tihe amount of "free" plasminogen in circulation. 

Plasminogen bound to HRG is not available for binding to fibrin emd 

subsequent activation to plasmin at the fibrin surface, and 

therefore, HRG is considered to be an inhibitor of fibrinolysis 

(3). 

The clinical role of HRG has not yet been established, i^ Increase 

in HRG is reported to be associated with a prothrombotlc state (4). 

Because of -the fibrinolysis inhibiting property of HRG, a decrease 

in HRG levels -theoretically can result in enhanced fibrinolysis and 

possibly contribute to a bleeding tendency. HRG levels are reduced 

in several disease states, including sepsis (1), disseminated 

intravascular coagulation (5), systemic lupus erythemathosus (5) ; 

these levels are also reduced in women who take oral contraceptives 

(6,7), and during pregnancy (8) and are reduced as a result of a 

negative acute phase reaction, for Instance, after acute myocardial 

infarction (9). 

The first studies on HRG in patients with liver insufficiency 

revealed -that HRG levels were decreased (1,5,10). Saito et al (10), 

who observed only patients with severe liver failure, suggested 

that this acquired HRG deficiency could contribute to enhanced 

fibrinolysis in patients with liver diseases. A more recent study 

of Gram et al. (11) in 28 patients with various liver diseases 

revealed that mean HRG was not reduced; however, in this study no 

distinction was made according to the severity of the disease. 

In our study we determined both HRG and plasminogen levels in 

patients wi-th various degrees of liver cirrhosis to clarify the 

contradictory results of previous studies and to assess the 

putative role of HRG in enhanced fibrinolysis in liver cirrhosis. 
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MERKMS 

Pa-tiients 

A total of 40 patients with liver cirrhosis peurticipated in the 

study. Before patients participated in the study. Informed consent 

was obtained, and research was carried out according to the 

principles of the Decleuration of Helsinki. The individuals in tihe 

study were consecutive outpatientis with biopsy-proven liver 

cirrhosis vAio were in a stable condition and vAio did not receive 

blood products for at least two weeks before blood sampling. The 

patients were divided into three groups according to the 

modification of Pugh et al. of the Child classification (12). This 

classification subdivides patients with liver diseases in three 

classes (A,B,C) by using bilirubin and albumin levels, the grade of 

encephalopathy, the presence of ascites emd a test for tihe 

extrinsic coagulation pathway, for which we used the Normotest emd 

Ttircmbotiest (Nycomed, Oslo) (12). Nineteen patients had mild 

cirrhosis (Child A ) , nine had moderatie cirrhosis (Child B), and 

twelve had advanced cirrhosis (Child C). The causes of cirrhosis 

Included alcohol abuse (in 18 patients), viral hepatitis (in 11 

patients), and autiolnmnune hepatitis (in 8 patients). In two other 

patients, the causes were unknown, in one patient, the cause was 

oi-emtitirypsin deficiency (Table I). 

plagia 

Blood, cdstiained by venapuncture, was collected in trlsodlum citrate 

(1:9) and placed immediately on melting ice. Plasma was prepared by 

centrifugation at 2000g for 30 min. at 4°C. The samples were stored 

at -70'C emd thawed immediately before use. For reference values, 

we collected blood samples from 15 healthy volunteers (male/female 

ratio 1.1; age range 25 to 45 years). One of the female volunteers 

had a HRG level of 161 %, \dilch is eüxsve the normal range in our 

laboratory of 65 tio 135 % (n=150) (13). In retirospect, tihis woman 

was found to have received treatment for thyrlod Illness and was 

excluded from the study. A laboratory reference value of 100% was 

obtiained from pooled normal plasma. 

Assavs 

HRG was measured immunochemically by Rocket immunoelectrophoresis 
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according to Laurell done with a homemade 0.5 % rabbit emtl-human 

anti-HRG antiserum (14). Plasminogen was measured using 

streptokinase for activation of plasminogen and HD-Nva-CHA-Lys-pNA 

as a substrate, both from Behringwerke (Marburg, West Germany) 

( 15). Calculation of "free" plasminogen weis based on the 

equilibrium [Plasmlnogen-HRG] ;3i [Plasminogen] + [HRG] with a K(j 

of 1.0 jumol/1 and results were expressed as percentage of total 

plasminogen (16). HRG and plasminogen levels were expressed in 

percentage of pooled normal plasma, in vAilch the concentration of 

HRG, plasminogen emd "free" plasminogen were l . S p x a o l / l , 1.5 jiimol/l 

emd 0.74 i m o l / 1 , respectively. The antithrombin III level was 

determined by using substrate HD-CHA-But-i^-pNA obtained from 

Behringwerke (17). iü.bumln levels were determined by using the 

Bromocresol green principle on a chemistry analyzer (SMAC; 

Technicon Instruments Corp., Tarrytown, N.Y.). The albumin levels 

were taken as a marker for the synthesis capacity of the liver. 

Statistical evaluation 

For statistical evaluation, the rank sum (Wilcoxon) emd Spearman 

correlation tests were used, and a p value of <0.05 was considered 

to be significant, iü.1 values were expressed as meem ± SD. 

Table 1: Causes of liver cirrhosis of all individuals in the 
study. 

Causes of cirrhosis 

alcohol abuse 
viral hepatitis 
autoimmune hepatitis 
other causes 

albumin g/1 * 

all patients 
n=40 

18 
11 
8 
3 

34 ± 7 

Child 
n=19 

8 
6 
4 
1 

40 ± 4 

severity groups 

A Child B 
n=9 

5 
2 
2 
0 

31 ± 2 

Child C 
n=12 

5 
3 
2 
2 

26 ± 3 

The patients are subdivided using the Child classification, 
modified according to Pugh et al (12). *The albumin levels in the 
various groups are given as mean ± SD. The albumin level of tihe 
reference group was 43 ± 2 g/1. 
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RESDiaS 

The reference group 

The results of the patients wi-th cirrhosis were compared with those 

from a reference group consisting of 14 healthy volunteers, who 

were sampled in the same period (albumin levels 43 ± 2 g/l;mean ± 

SO). The levels of HRG, total plasminogen and "free" plasminogen of 

all individuals are given in figure 1. In the reference group, the 

mean HRG level was 105 ± 25%. The mean of total plasminogen was 91 

± 15% and that of "free" plasminogen 44 ± 12%. 
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Figure 1. Histidine-rich glycoprotein, total plasminogen and 
"free" plasminogen in the individual patients with liver 
cirrhosis, subdivided in Child A, B and C liver 
cirrhosis compared to a reference group of 14 healthy 
volunteers (REF). The horizontal lines indicate the mean 
level, the vertical lines indicate the 95% confidence 
limits (mean ± 2 SEM). Data are presented in percentage 
of pooled normal plasma in which the HRG, plasminogen 
and "free" plasminogen concentrations are 1.8/dI, 1.5/JM 
and 0.74/LiM respectively. 
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Child A clrrfaosls 

In patients with Child A liver cirrhosis, higher HRG levels were 

found in comparison with those of the reference group (p<0.05). The 

mean level of HRG was 127 ± 34%. Plasminogen levels were decreased 

in these patients, to a mean of 69 ± 12% (p<0.001). llie mean 

calculatied "free" pleisminogen level was 32 ± 10%, vdlich is reduced 

in comparison with that of the reference group (p<0.01) (Figure 1). 

Child B clrrfaosls 

The nine patients with Child B liver cirrhosis had reduced levels 

of both HRG emd plasminogen. HRG levels were decreased to a mean of 

52 ± 26% (p<0.005). Plasminogen levels were decreased to a mean 

level of 68 ± 20% (p<0.001). The "free" plasminogen levels in these 

patients were normal (43 ± 14%) \dien conpared with the reference 

group (Figure 1). 

Child C clrrfaosls 

In Child C liver cirrhosis, levels of HRG and totial plasminogen 

were decreased. The mean HRG level was 51 ± 23 % (p<0.001) and mean 

level of total plasminogen was 39 ± 13% (p<0.001). In spite of the 

strong reduction in HRG levels in patients with severe liver 

cirrhosis, the calculated levels of "free" plasminogen were also 

decreased. The meem level of "free" plasminogen, expressed as the 

percentage of total plasminogen, was 24 ± 9% (p<0.01) (Figure 1). 

Total patient group 

We also calculated the mean levels of the fibrinolytic parameters 

in all patients with liver cirrhosis. The mean HRG level of all 

patients was 87 ± 48%, vrtiich was not significantly different from 

the levels in the reference group. Total plasminogen levels were 

reduced in all patients with cirrhosis, to a mean of 60 ± 20% 

(p<0.001), and the calculated "free" plasminogen level was decrea

sed to a meem of 32 ± 13% (pcO.005). 

HRG and liver synthesis capacity 

A reduced synthesis capacity of the liver in the patients with 

cirrhosis was Illustrated by decreased levels of albumin (Table I). 

In figure 2, -the albumin levels of all individuals are plotted 

against HRG levels. A significant correlation was found 
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(r»0.66;p<0.001). 

We conpared the mean plasma levels of HRG of the Child A, B emd C 

cirrhosis groups with plasminogen and antithrombin III, two 

hemostasls proteins, known to be synthesized by the liver (Figure 

3) (18). Although the levels of antithrombin III, plasminogen emd 

HRG decreased to about -the same extent in moderate emd severe 

cirrhosis, a clear dlscrepemcy between the levels of these 

parameters can^>ared wi-th HRG was observed in Child A liver 

cirrhosis. 
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Figure 2. Individual plasma levels of histidine-rich glycpprotein 
(HRG) of all patients suffering from liver cirrhosis and 
healthy voluntieers plotted against the levels of 
edbumin, a marker for the synthesis capacity of the 
liver. HRG levels are expressed as percen-tage of pooled 
normal plasma in \dilch tihe HRG concentration is 1.8;uM. 
nie correlation coefficient for the total group was 0.66 
(p<0.001). O = reference group; • = Child A cirrhosis;a 
= Child B cirrhosis; * = Child C cirrhosis. 
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Figure 3. Mean levels of histidlne-rlch glycoprotein, total 
plasminogen, antithrombin III and albumin of the 
patients with Child A, B emd C liver cirrhosis. The 
values of albumin are given as percentage of the mean 
level of the reference group, which is set at 100 %. 
(REF = reference group). HRG, plasminogen and "free" 
plcusminogen levels are given in percentage of pooled 
normal plasma, in which the concentrations are 1.8/xM, 
1.5JUM and 0.74juM respectively. 
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DISCISSION 

In patients with severe liver failure, enhanced fibrinolytic 

activity is freguently seen and is considered an additional cause 

for the bleeding problems observed in these patients (19,20). 

Several mechanisms for this enhanced fibrinolysis have been sugges

ted, such as reduced clearance of plasminogen activators and 

reduced inhibition of fibrinolysis (21,22,23). Histidine-rich 

glycoprotein (HRG), a protein that acts as an Inhibitor of 

fibrinolysis, could also play a role in the enhanced fibrinolysis 

in patients with cirrhosis, because an Increase of "free" 

plasminogen, resulting from a reduced level of HRG, would suggest 

an increased fibrinolytic potential by the increased availability 

of plasminogen. 

Previous studies on HRG in patients with liver disease have given 

contradictory results. Most studies have revealed a reduced level 

of HRG in patients with liver cirrhosis (1,5,10). Saito et al. (10) 

proposed that the decrease in HRG could contribute to enhanced 

fibrinolysis in patients with advanced liver cirrhosis. iÜ.though 

they found a parallel decrease of HRG with other proteins synthe

sized by the liver, a wide range in plasma HRG levels was seen in 

-these patients. In contrast. Gram et al. (11) reported that in 

patients wltih various kinds of liver disease, the mean HRG level 

was not reduced. They found HRG levels ranging from 35 to 165 % 

compared with normal pooled plasma. 

In our study we made a distinction in the severity of liver disease 

and found an Increase in the HRG levels in patients witih mild liver 

cirrhosis (Child A) and a strong decrease in HRG levels in patients 

with moderate and severe liver cirrhosis (Child B and C). As is 

shown in figure 2, the HRG levels are significantly correlated with 

albumin levels in the total patient group (r=0.66;p<0.001). A 

correlation was also found in the Child B subgroup, but no 

correlation was found in the Child C group, which is possibly a 

result of the small number of patients in this group (24). Because 

HRG levels are not decreased in Child A cirrhosis, we suggest that 

the synthesis capacity of tihe liver may not be the only mechanism 

that contirlbutes to the changes in plasma levels of HRG in liver 

cirrhosis Child A. The increase in -the HRG level in Child A 

cirrhosis cannot be the result of em acute phase reaction, because 
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HRG is known as a negative acute phase reactant (9). We have no 

explanation for this increase; however theoretically a hormonal 

Influence on the remaining functioning hepatiocytes may be 

responsible. Platelet Involvement is not likely, because platelets 

contain only about 0.15 % of the total plasma HRG level (25). To 

elucida-te the mechanism of the changes in HRG levels in cases of 

mild and severe liver cirziiosis, metabolism studies are required. 

We suggest that the contiradlction of earlier reports about HRG in 

liver diseases can be ascribed -to a lack of differentiation of 

patient groves. The large range of HRG levels in earlier studies 

(1,5,10,11) cem be e^^lained by assuming that patients with 

different levels of severity of disease were studied. In our study 

we also would have found a normal mean level of HRG if no 

distinction had been made among the severity of cirrhosis in our 

patlent group. 

In our study, the total plasminogen concentration was significantly 

decreased in all patients with liver cirrhosis. The calculated 

"free" plasminogen levels were normal in Child B clrrfaosls and 

decreased in Child A emd C cirrhosis. This decrease of "free" 

plasminogen results in less plasminogen available for binding to 

fibrin and activation to plasmin at -the fibrin surface. We 

therefore propose that a decrease in HRG level does not play a role 

in the enhanced fibrinolysis in severe liver failure. 

In addition to binding to plasminogen, HRG can also bind to heparin 

(26) and thrombospondln (27). HRG, immobilized by tihese 

interactions and possibly by other Interactions, can principally 

form a local focus of plasmin activity, because pleusmin can be 

bound or remain bound to HRG and is then protiected from 

inactivation by a2-antiplasmin (28,29). How reductions in plasma 

levels of HRG influence such local events of proteolysis is 

difficult to assess. At least the binding of HRG to thrombospondln 

will not be affected significantly by changes in plasma levels of 

HRG, because the reported dissociation constiant is very low 

(12.5 nmol/1) (30). 

Finally, it should be noted that liver cirrhosis Child A is the 

second disease state, next to thrombophilia, in \diich elevated HRG 

levels are found. This may be of Importance in future s-tudies on 

familial tihrombosis associated with elevated levels of HRG, where 

mild liver dysfunction should at least be excluded. 
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ABSTRACT 

In patients with liver diseases, the liver-dependent metabolism of 

various fibrinolytic proteins may be altered. We tried to assess 

-tihe effects of these changes by considering the balance between 

profibrinolytic and antifibrinolytic factiors at two levels of the 

fibrinolytic cascade: firstly, at the tissue-type plasminogen 

activator (t-PA) emd plasminogen activator inhibitor-1 (PAI-1) 

level emd, secondly, at the plasminogen emd a2-antiplasmln (a2-i^) 

level. Two groups of 12 patients with mild emd severe liver 

cirrhosis, and, as reference 12 healthy volunteers, were studied. 

Antigen levels of both t-PA emd it's inhibitor (PAI-1) were 

Increased in mild as well as severe cirrhosis. Some patients had 

increased t-PA activity levels, however, medlem t-PA activity and 

Pi^-1 activity levels were normal in mild and severe liver 

cirrhosis. The specific activity of t-PA and PAI (activity/antigen 

quotient) weis reduced in either mild cirrhosis or severe cirrhosis. 

This indicates that more enzyme-inhibitor conplexes circulate in 

blood of patients with liver cirrhosis them in normal Individuals. 

The balance between t-PA and PiU:-l changed in favour of t-PA, as 

calculatied by Increased t-PA:PAI-1 ratios in the patients. 

Plasminogen and a2-antlplasmln antigen and activity levels were 

decreeised in patients with mild and severe cirrhosis. The absolute 

amount of a2-i^ bound to fibrin was also decreased in all patients. 

The decreased crossllnking of a2-i^ to fibrin, may result in fibrin 

clots, more susceptible to lysis. In addition in vi-tro experiments 

were performed, which showed that an eç[ual decrease in the levels 

of plasminogen emd a2-i^ resulted in enhanced fibrinolysis, 

indicating -the in^xsrtant role of 02-AP in the control of 

fibrinolysis. 

We conclude that various changes in the balance betiween pro- and 

anti-fibrinolytic factiors occur in liver cirrhosis. We suggest tihat 

increeused t-PA activity in a subgroup of patients and decreased 

levels of a2-AP in all patients are of major Inportance in the 

ehhemcement of fibrinolysis in patients with liver cirrhosis. 
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INTRODUCTION 

Patients with liver cirrhosis may have disturbances in the 

coagulation mechanism, «diich may contribute to their bleeding 

problems (1,2). These changes are mainly due to a reduced synthesis 

of coagulation factors and a reduced clearance of activated 

clotting factors, \dilch in turn may lead -to disseminated 

intravasculeu: coagulation, wi-th consumption of coagulation factors, 

inhibitors of coagulation, such as antithrombin III (3), protein c 

(4) and protein S (5) are also reduced in liver disease, al-tering 

the balance between procoagulant emd emtlcoagulant factors (1). 

In addition to the coagulation abnormalities, increeised 

fibrinolysis may also be present. As early as 1914, Goodpasture 

found that blood clots of cirrhotic patients lysed more rapidly 

than blood clots of normal controls (6). The occurence of enhanced 

fibrinolysis in liver disease was confirmed in several other 

reports (7,8). Francis et al.(9) found in patients with severe 

liver disease that enhanced fibrinolysis predisposed tio soft tissue 

hemorrhage after trauma. They also found a trend towards increased 

intracranial bleeding, vdilch indicates the clinical significance of 

enhemced fibrinolysis. Boks et al. (10) failed to find a relation 

between fibrinolytic activity and veuriceal bleeding, but did find a 

relation between a quotient of fibrinolytic activity/ Normotiest and 

mucosal bleeding, thereby substantiating the Importance of 

fibrinolytic activity in liver diseases. Although several mecha

nisms have been proposed, such as reduced Inhibition of fibrinoly

sis and reduced clearance of plasminogen activa-tors, the cause of 

enhanced fibrinolysis in liver disease is still not clear (11,12). 

In recent years, new fibrinolytic components and interactions have 

been discovered, resulting in Increased complexity of the 

fibrinolytic system, and the liver seems to be involved in the 

synthesis and clearance of most proteins. Therefore it remains 

difficult to establish the exact cause of enhemced fibrinolysis in 

liver disease. Since impairment of liver function may result in 

several changes in the fibrinolytic system, it is not sufficient to 

study one single conponent of the fibrinol3^ic system; these 

components have to be studied in coherence. 

We therefore investigated tihe balance between several pro-and anti

fibrinolytic factors of the fibrinolytic cascade. Firstly, the 
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balance between the plasminogen activator, t-PA (tissue-type 

plasminogen activator) emd its inhibitor, PAI-1, (plasminogen 

activator inhlbitor-1) was studied (13). Both t-PA and PAI-1 are 

synthesized and released mainly by endothelial cells and are 

cleared by the liver (14,15). An Increase in "free" t-PA in 

circulation may result in enhemced fibrinolysis and a bleeding 

tendency (16), vdiereas an increase in Pi^-1 levels is associated 

with an increased risk of thromboembolic disease (17). 

Secondly, we studied the balemce between plasminogen and a2-

antlplasmln (02-AP). Plasminogen is the pro-enzyme of plasmin, the 

key enzyme of the fibrinolytic cascade. A decreased level of 

plasminogen in circulation has been reported to be associated with 

deep venous tihrombosis (18,19). a2-i^ is the most Importiemt 

inhibitor of plasmin and is synthesized by the liver as a very 

active plasminogen binding (PB) form, vAilch is converted in 

circulation to a less active non-plasmlnogen binding (NPB) form 

(20). The PB form of a2-i^ has, next to its plasmin Inactivating 

and pleisminogen binding properties, also tihe ability tio crosslink 

to fibrin, mediated by coagulation factor XIIIA (21). All these 

three properties of a2-i^ make the fibrin clot more resistant to 

lysis emd so a reduced level of 02-i^ may result in enhanced 

fibrinolysis. Accordingly an inherited deficiency of a2-i^ is 

known to be associatied with a haemorrhagic diathesis (22,23,24). 

The approach of studying fibrinolytic proteins together may reveal 

tihe relevance of the chemges in fibrinolytic components in patients 

with liver disease emd might therefore result in a better 

understanding of the mechanism of enhanced fibrinolysis in these 

patients. 

PATIENTS AND VBSTBOOB 

Patients 

After obtaining informed consent, in conformance with the 

Declaration of Helsinki, 24 patients with liver cirrhosis 

participated in the study. These patients were outpatients in a 

steü3le condition with biopsy proven liver cirrhosis of different 

etiology: alcohol abuse (n=10); viral hepatitis (n=5); autoimmune 

hepatitis (n=6); unknown (n=3). The patients were classified 
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according to Pugh's modification of the Child classification (25). 

Clinical information was obtained from hospital records. Twelve 

patients suffering from mild cirrhosis (Child A) and 12 patients 

suffering from severe cirrhosis (Child C), were studied. Twelve 

heal-thy volunteers served as control group. 

Plasma 

Venous blood, obtained by venapuncture between 10.00 A.M. and 12.00 

noon, was collected in plastic tubes containing trisodlumcitrate 

0.11 mol/1 (9:1) emd placed Immediately on melting ice. Plasma was 

prepared by centirlfugatlon at 2000 g for 30 min. at 4*C emd stored 

at -70°C until use. A laboratory reference value of 100 % was 

obtained from pooled normal plasma. 

Methods 

Plasminogen was measured using streptokinase for activation of 

plasminogen and HD-Nva-CHA-Lys-pNA as a substrate, both obtained 

from Behringwerke (Marburg,FRG) (26). Tissue-type plasminogen 

activator (t-PA) activity and t-PA inhibition (PAI-1) of plasma 

were measured by spectrophotometric assays according to Verheijen 

et al. (27,28). T-PA antigen levels were detiermined using an enzyme 

linked Immunosorbent assay (Blopool, Unea, Sweden) (29). 

Plasminogen activator inhibitor-1 antigen was measured using a 

TintElize IM PAI-1 assay from Biopool (Umea, Sweden). Specific 

activity of t-PA and PAI-1 was calculated as the ratio 

activity:antigen of t-PA and PAI-1 respectively. To determine the 

euglobulin clot lysis time (ECLT), standard euglobulin fractions of 

plasma were prepared at pH 5.9 with a plasma dilution of 1:10 (30). 

Precipitates were redissolved in Tris/Tween buffer (O.lmol/l 

Tris/HCl; 0.1% Tween 80 (v/v) pH 7.5) and 0.2 ml of the euglobulin 

fractions were clotted by addition of 0.1ml of calcium-thrombin 

solution (CaCl2 25 mmol/1 and thrombin 10 NIH/1). The lysis time of 

the clot was recorded. The disappearance of air bubbles was 

regarded as tihe endpoint. 

a2-AP activity was measured wi-th Behrichrom^ 02-antiplasmin, using 

HD-Nva-CHA-Lys-pNA as a substrate (Behringwerke, Harburg, FRG) 

(31). a2-i^ antigen was measured by Rocket Immunoelectrophoresis 

according to Laurell, using an 1.5 % anti-a2-i^ antiserum (Nordic 

Innnunology, Tilburg, The Netherlands) (32). The ratio of the two 

135 



functional forms of a2-AP (i.e. the plasminogen binding (PB) and 

the non plasminogen binding (NPB) forms) was detiermined by modified 

crossed immunoelectrophoresis (CIE), according to Kluft and Los 

(33). In this method we added monoclonal antibodies, directed 

against the C-terminal part, the plasminogen binding site, of a2-i^ 

(34) in the first dimension gel, and polyclonal antiserum (Nordic 

Immunology) against a2-i^ in the second dimension. The two obtiained 

immunppreclpltation peaks represent the PB emd the NPB forms of a2-

i^ respectively, llie PB:NPB ratio was calculated as the ratio of 

the surfaces of the immunoprecipitation peaks, which were 

determined with a computerized program using a Hipad digitalizer 

(Geveke Electronics, The Netiherlands). Binding of 02-i^ to fibrin 

was studied by clotting 180 JKI plasma witih 120 jul of a mixture of 

thrombin (4.17 Nl^/na) and CaCl2 (10.4 /LIH) in 0.11 H NaCl, which 

was left standing at 37 *C for 1 hour. In tihe serum supematant and 

in a plasma sample Incubated with 120 ß l 0.15 H NaCl, a2-i^ 

activity was assayed as described above. The difference represented 

the amount of a2-AP bound to fibrin, and was expressed relative to 

the patients own plasma level (relative value) and in absolute 

amountis (absolute value). Factor XIIIA was determined according to 

Laurell using an emti Factor XIIIA antiserum from Behringwerke 

(32). a2-Hacroglobulln was assayed according to Laurell, using a 2% 

rabbit anti-human a2~''i'̂ '̂ °9l°bulin emtiserum (Nordic) (32). Fibrin 

degradation products were measured in plasma using em enzyme 

Immunoassay (Organon Teknika, Boxtel, The Netherlands) (35). 

Albumin levels were determined using the BCG (Bromocrysolgreen) 

principle on a Technlkon/SHAC analyser. 

In vitro studies 

Clot lysis experiments were performed to determine the effect of 

decreasing levels of plasminogen and a2-AP on the rate of 

fibrinolysis. Plasma artificially depleted in plasminogen emd PB-

a2-AP was obtained by affinity chromatography on Lysine Sepharose 

(35), followed by affinity chromatography on Kringle I-III 

Sepharose. To this plasma different amounts of purified Glu-

plasmlnogen and PB-a2-i^ were added to concentrations of 12.5 %, 25 

%, 50 %, 100 % emd 150 % of botih plasminogen emd a2-AP. Plasminogen 

was prepared from human Cohn III fraction (36) and purified PB-a2-

AP was obtained from Blopool, Umea, Sweden. Ninety ß l of these 
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artificially made plasma samples was clotted by addition of a 

mixture of 0.3 NIH thrombin and 4.5 lU single chain melanoma t-PA 

(37) in 7.5 /iil of a 0.2 H CaCl2 solution and 37.5 ß l phosphate 

buffered saline. Ihese plasma samples were incubated at 37°C and 

fibrin degradation products were meeisured after 10 minutes and 

every 5 min thereafter. 

Statistical evaluatlCTi 

Statistical analysis was performed using the Wilcoxon rank sum 

test and the Spearmem rank correlation test. A p value of <0.05 was 

considered to be significant. Unless otherwise stated, tihe values 

are e^^ressed as median and range. 

RESOIOS 

T-PA and PAI-1 levels in liver clrrfaosls 

In both mild emd severe liver cirrhosis, t-PA antigen levels, which 

include free t-PA and t-PA bound to inhibitors, were increased 

compared to the control group (table 1). A wide veuriability of t-PA 

activity levels was found in mild and severe cirrhosis, resulting 

in a median normal t-PA activity level in both groups. The specific 

activity, calculated as tihe quotient t-PA activity: t-PA antigen, 

was reduced in mild cirrhosis (p<0.05) and a similar trend was seen 

in severe cirrhosis (p=0.06;n.s.). 

PAI-1 antigen levels were Increased in both the patient groups with 

mild and severe liver cirrhosis (teOsle 1). PAI-1 activity levels 

showed a wide variability in the patlentis with cirrhosis, but the 

median values of both groups were not significantly elevated (table 

1). PAI-1 specific activity was reduced in severe liver cirrhosis 

(table 1). 

Balance between t-PA and PAI-1 

In figure 1, it can be seen that the balance between t-PA antigen 

and PAl-1 antigen changes in patients with liver cirrhosis. 

Figure la shows that both t-PA emtlgen emd PAI-1 antigen levels 

Increase in patients with liver cirrhosis compared to the normal 

individuals, and the Increase is dependent upon the severity of the 

disease. In figure lb, we calculated the ratio betiween t-PA antigen 
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and PAI-1 antigen in mol/mol, showing a trend towards increased 

levels of t-PA conpared to PAI-1. The t-PA antigen emd PAI-1 

antigen levels in the tiotal group of patients with liver cirrhosis 

correlated significantly (r=0.71; p<0.001). 
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Figure 1: a) i^tigen levels of tissue-type plasminogen activator 
(t-PA) and its inhibitor (PAI-1) in healthy individuals 
and patients wltih mild (Child A) and severe (Child C) 
liver cirrhosis. The correlation coefficients of tihe 
normal individuals, mild and severe cirrhosis are 0.48 
(p<0.05), 0.83 (p<0.001) and 0.83 (p<0.001) 
respectively, b) The ratio's between t-PA emd Pi^-1 
antigen levels (t-PA:PAI-1) of all healthy individuals 
(N) and the patients with mild (Child A) emd severe 
(Child C) liver cirrhosis, expressed in mol/mol. The 
horizontal lines indicate the median. PAI-1= plasminogen 
activator inhibitor-1; t-PA= tissue-type plasminogen 
activatior. 
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In figure 2 the individual levels of t-PA activity and PAI activity 

of healthy volunteers and patients with severe cirrhosis are given. 

As can be observed, t-PA activity levels correlated negatively with 

PAI activity levels in both controls (r=-0.75;p<0.01) and patients 

(r«-0.68;p<0.02). In patients suffering from severe clrrfaosls, low 

levels of Pi^ activity (< 2 lU/ml), were associated with extreme 

high levels of t-PA activity. In the other patients (PAI-1 activity 

levels > 2 lU/ml), t-PA activity levels were not Increased. When a 

curve is plotted through the individual levels of tPA emd PAI of 

the control and the group of patients with severe cirrhosis, a 

shift in the balance of these parameters can be observed (figure 

2). 

• Child C 

O Normal 

PAI-activity (lU/ml) 

Figure 2: Levels of tissue-type pleisminogen activator activity (t-
PA) and plasminogen activator inhibition of plasma (PAI) 
of individual patients with severe liver disease and the 
normal subjects. 
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The net result of these changes in t-PA and PAI-1 on overall 

fibrinolytic activity was measured by the euglobulin clot lysis 

time. Ifae ECLT was > 180 min in all healthy individuals. In mild 

clrrfaosls, the ECLT was > 180 min in seven patlentis emd between 107 

emd 172 min for the other five patients. In severe cirrhosis, the 

ECLT was > 180 min in 6 patients, and between 18 and 130 min in the 

other 6 patients. The four patients with tihe highest t-PA activity 

had all a shortened ECUT (18, 27, 51 and 73 min). 

Table 1: Results of tissue-type plasminogen activator (t-PA) 
antigen and activity and plasminogen activator 
inhibition (activity and antigen levels) of plasma in 
patients with Child A and Child C liver cirrhosis 
conpared to a reference group. 

t-PA antigen 
ng/ml 

t-PA activity 
miu/ml 

t-PA specific 
activity 
miu/ml 

PiVI antigen 
ng/ml 

PAI activity 
lU/ml 

PAI specific 
activity 
lU/ml 

mean 
medlem 
range 

mean 
medlem 
remge 

meem 
median 
remge 

mean 
median 
range 

meem 
median 
range 

meem 
median 
range 

Control 
n=12 

4.2 
3.8 

2.0 - 8.0 

196 
127 
1 - 590 

73 
41 
0 - 295 

8.2 
7.0 

2.3 - 18.5 

2.8 
2.5 

0.9 - 7.8 

0.35 
0.31 

0.16 - 0.96 

Child A 
it=12 

13.6* 
11.7 

3.1 - 38.1 

221° 
28 

0 - 1770 

29«* 
2 

0 - 183 

19.5® 
18.5 

5.0 - 48.8 

5.5C 
4.6 
0 - 22.0 

0.22° 
0.24 
0 - 0.45 

Child C 
n=12 

36.8̂ = 
27.1 

13.5 - 129 

884° 
295 
1 - 6220 

22° 
12 
0-84 

35.8* 
21.6 

13.3 - 108 

9.8° 
4.2 
0 - 67.8 

0.19<* 
0.18 
0 - 0.65 

The specific activity of both t-PA emd PAI was calculated as the 
activity/antigen ratio and expressed in mlU/ml emd lU/ml 
respectively: 
* p<0.002 , * p<0.0001, ° not significant,** p<0.05, ® p<0.01, all 
versus controls. 
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BeJ.anoe between p^agm^¥^nq»»n aiid gp'ant-̂ p'iagiiî tl 

The amount of plasminogen was decreased in both mild (66; 42-95 

%:p<0.005) and severe (41;13-67 %;p<0.0001) liver cirrhosis, 

compared to the control group (88;71-126 % ) . In mild and severe 

liver cirrhosis both a2-i^ activity emd emtlgen were decreased 

(figure 3). 

100-

50-

1 DN 

Ic 

,AP ag a^AP act Relative Absolute 
amount of 
a. AP bound 
TO fibrin 

Figure 3: 02-Antiplasmin (a2-iU>) in liver cirrhosis. o:2-AP 
activity and antigen levels and the relative and 
absolute amount of a2-i^ bound to fibrin in normal 
subjects (control; n=12), Child A liver cirrhosis (n=12) 
and Child C liver cirrhosis (n=12). The bars indicate 
mean values, the lines Indicate tihe SD. 
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The ratio betiween the two molecular forms (plasminogen binding: non 

plasminogen binding form) was measured by mClE and an example is 

given in figure 4. Ifae PB:NPB ratio was Increased in mild cirrhosis 

(2.8;2.1-3.7 :p<0.001) and in severe liver cirrhosis (4.0;1.7-15.4: 

p<0.005) (control 2.2;1.8-2.7). 

The relative amount of a2-i^ bound to fibrin is normal in mild, but 

Increased in severe clrrfaosls (figure 3). Coagulation factor XIIIA, 

which mediates the binding of a2-iVP to fibrin, is decreased in mild 

(76;52-119%;p<0.025) and severe (76;41-116%;p<0.005) liver 

cirrhosis, compared to the control group (94;81-122%) (data not 

shown). Although the relative amount of a2-i^ bound to fibrin is 

Increased (at least in severe cirrhosis), the absolute amount is 

decreased, due tio the strong reduction of total a2-i^. 

a2-Hacroglobulin, also capable of inhibiting plasmin, was increased 

in mild liver cirrhosis (132;98-257%;p<0.0005) and normal in 

severe liver cirrhosis (105;82-178%) (control 89;59-127%) (data 

not shown). 

In vitro stmdies 

The influence of changes in plasminogen and a2-i^ levels on tihe 

rate of fibrinolysis was investigated by clot lysis experiments. 

Plasma samples contialnlng various, but equal, amounts of 

plasminogen and PB-a2-i^, were clotted emd the lysis of the clots 

was recorded by measuring fibrin degradation products (FDP) in the 

fluid pheise of the clot. The results are given in figure 5, in 

which lysis of tihe clots is given as the percentage of the maximum 

FDP levels aftier complete lysis of the plasma clot. As cem be 

observed, although the levels of plasminogen and a2-AP are 

constantly in balance with each other, the rate of fibrinolysis is 

increased at reduced levels of both proteins. 
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PB NPB 
Figure 4: The two molecular forms of a2-antiplasmin: Modified 

crossed immxmoelectrophoresis to assay the plasminogen 
binding (PB) and the non-PB forms of «2-antiplasmin («2-
AP) in plasma of a healthy volunteer, with a PB:NPB 
ration of 2.3 (A) and of a patient with severe liver 
cirrhosis, with a PB:NPB ratio of 4.0 (B). Monoclonal 
antibodies (MCA) were added to the first dimension gel. 
In the second dimension gel polyclonal antibodies 
against a2-AP were added. The ratio PBrNPB forms of a2-
AP was calculated as the ratio of lihe siurfaces of the 
immunoprecipitation peaks. 
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Figure 5: Results of the in vitro plasma clot lysis experiments. 
Plasma samples containing various, but equal 
concentrations of PB-a2-i^ and plasminogen were clotted 
emd incubated at 37 °C. The lysis of tihe clots was 
recorded by measuring fibrin degradation products (FDP) 
in the fluid jdiase of the clot. The FDP levels, 
expressed as percentage of the maximum FDP level 
(obtained after conpletie lysis of tihe clot), are given 
at the vertical axis. FDP levels were measured every 
five minutes up till 140 min incubation. 

DISOOSSION 

In this study we Investigated fibrinolysis in patients with 

different degrees of liver cirrhosis, in order tio try to contribute 

to the understanding of enhanced fibrinolysis in severe liver 

failure. Several mechanisms have been proposed to be responsible 

for Increased fibrinolysis. An Inappropriatie inhibition of 

fibrinolysis was suggested by iVmman et al (38) and Aokl et al. 

(39), \Aio attributed it to a decrease of the fast acting inhibitor 
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of plasmin, «2-antiplasmin, in circulation. Saito et al. (40) 

proposed that reduced levels of histidine-rich glycoprotein (HRG) 

could play a role in enhanced fibrinolysis in severe liver disease. 

They suggested that the decrease of HRG could result in increased 

levels of "free" plasminogen available for binding to fibrin and 

activation to plasmin, thereby contributing to enhemced 

fibrinolysis. However in a recent study (41), we found reduced 

levels of both HRG emd tiotal plasminogen in patients with severe 

liver cirrhosis, resulting in decreased levels of "free" 

plasminogen, and we therefore concluded that HRG plays no role in 

enhanced fibrinolysis in liver disease. Booth et al. (11) reported 

that increased levels of pleisminogen activators were responsible 

for enhanced fibrinolysis in alcoholic liver cirrhosis. This 

Increase was proposed to be due to a reduced clearance of 

plasminogen activators in patients with liver cirrhosis. A recent 

report of Hersch et al. (42) showed that the inhibitor of plasmino

gen activators played a critical role in enhanced fibrinolysis in 

liver cirrhosis. However all these studies focussed mainly on one 

of the conponents of the fibrinolytic system only. In our study, we 

considered various components together, notably the pro- and 

antifibrinolytic factors at two levels of the fibrinolytic cascade. 

In the present study we found several chemges in the t-PA- PAI-1 

balemce in patients with liver cirrhosis. In the patients both t-PA 

antigen emd PiVI-1 antigen were increased. The antigen levels of 

both proteins were Increased concomitantly with the severity of 

disease. This has two possible explematlons: a decreased clearance 

of both proteins by the diseased liver or an increased synthesis. 

The latter would fit with a parallel regulation as suggested from 

the findings of homologous regulation elements in the t-PA and PAI-

1 gene (43). This is supported by earlier reported correlations 

between blood levels of t-PA antigen and PAI-1 activity or antigen 

in both healthy individuals and several patient groups (44-46). In 

our study however, the balance between t-PA and PAI-1 antigen 

changes slightly in favour of t-PA. This change in balance is 

expressed in figure lb, showing the ratios of t-PA emtlgen:PAI-l 

emtlgen, which are Increased in most patients. The mechanism of 

this chemge is not elucidated by our study. It may be caused by a 

selective increase in t-PA synthesis or in a selective change in 

the clearance by the diseased liver of t-PA versus PAI-1. 
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The used antigen assays for both t-PA and Pi^-1 are recording the 

respective molecules equally effective, botih free in blood or in 

complex with each other (t-PA-PiVI-1 conplex). This excludes the 

possibility tihat a change in the conposltlon towards more t-PA-PAI-

1 complexes is the origin of the above discussed difference. This 

specificity of both antigen assays is important, since we provided 

evidence for a chemge in the composition of the circulating eunounts 

of t-PA emd PAI-1. As is indicated in tiable 1, the specific 

activity of both t-PA and P A l - 1 was decreased in the patients, 

indicating larger amountis of enzyme-inhibitor complexes in tihe 

patients compared to the healthy individuals. It is of particular 

Interest how this changed situation reflects Itself in the activity 

levels of both the enzyme and the Inhibitor. i\s indicated in figure 

2, the balance betiween active t-PA emd PAI is shlftied, but the 

median values of both are not significantly different in the 

patient groups with mild and severe cirrhosis conpared to the 

controls (table 1). The consequence of our evaluation of the t-PA-

PiVI-1 balemce is that patients should be evaluated as individuals 

ratiher them as groups. In individual patients the change in balance 

can express Itiself in an elevatied t-PA activity (figure 2) emd a 

concomitant shortiening of the euglobulin clot lysis time. Only 

tihese patients may be at risk for a bleeding tendency due to 

increased fibrinolysis. In figure lb it is evident that in most 

patients the ratio between t-PA antigen and PAI-1 antigen is 

Increased. Since the patients with liver cirrhosis have higher 

levels of both t-PA and Pi^-l than the normal individuals, only a 

small increase in the ratio may result in an absolute high free t-

PA level. Only these patients where PAI-1 control of t-PA is weak, 

may be at risk for bleeding. In future studies it has to be 

evaluated whether tihis situation is longitudially stable or not and 

whether the patients with an inappropriate PiU:-l control may be at 

risk for bleeding. 

The second level at vAilch we studied the balance betiween pro-and 

antifibrinolytic factors was at the plasminogen and a2-i^ level. 

The Inhibition of plasmin in liver cirrhosis was decreased. In mild 

and severe cirrhosis, the activity and antigen levels of the most 

Inportant inhibitor of plasmin, 0:2"*^ w e r e decreased. The ratio of 

the active plasminogen binding form and the less active non-

plasminogen binding form of a!2"^^ ^^ slightly Increased in mild 
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cirrhosis and strongly Increased in severe cirrhosis. This might be 

due to a decreased conversion of the PB into the NPB form, which 

results in a higher PB:NPB ratio. The mechanism of the conversion 

of PB-02-AP to NPB-a2-i^ is still unknown, but our findings may 

indicate that the liver, or a factior derived from the liver is 

Involved in tihis proces. The relative amount of a2-AP bound to 

fibrin, is increased in liver cirrhosis. This might be attiributed 

to the relative increase of PB-02-AP compared to NPB-a2~AP, 

reflected by the higher PB:NPB ratio, since only the PB form of 02-

AP binds to fibrin (21). Therefore relatively more a2-AP is bound 

to fibrin, conpared tio normal controls. However, due tio the low 

levels of total a2-i^, the absolute amount of a2-i^ bound to fibrin 

is strongly decreased. Since alterations in a2-macroglobulln were 

only mild, a2-macroglobulln plays no major role in chemges in the 

fibrinolytic system in patients with liver cirrhosis. 

The reduced inhibition of plasmin, both in circulation, due to a 

decrease in total a2-i^, emd at the fibrin surface, due to a 

reduced crossllnking of a2-i^ to fibrin, may make fibrin more 

susceptible to lysis and may lead to enhanced fibrinolysis. At tihe 

other hand, plasminogen levels were decreased in the patients with 

liver cirrhosis, which may result in a decreased fibrinolytic 

potential in these patients. 

To evaluate the relative Importemce of decreased plasminogen levels 

and decreased a2-AP levels, we performed in vitro plasma clot lysis 

studies. Since tihe levels of both plasminogen emd 02-AP are 

decreased about equally in patients with liver cirrhosis, we 

mimiced -this situation by decreasing both factors in plasma 

artifically. In these experiments an equal decrease of plasminogen 

and PB-a2-AP resulted in increased rate of fibrinolysis. Therefore 

we suggest tihat the net effect of decreased levels of both 

plasminogen and a2-i^ is an enhancement of fibrinolysis, due to a 

dominating role of a2-i^. 

In conclusion our study showed that several changes occur at the 

two studied levels of the fibrinolytic mechanism. The changes 

Include Increased t-PA and Pi^-l antigen levels, abnormal 

correlation between t-PA emd Piu: blood levels, reduced plasminogen 

and a2-i^ levels, a changed balance between PB-a2-i^ and NPB-a2-i^ 

and a reduced binding of Q!2~^^ ^ fibrin. Although it remains 

difficult to assess the relative inportance of these changes on 
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overall fibrinolysis, we suggest that the increased t-PA activity 

in a subgroup of patients and reduced levels of a2-i^ in all 

patients are of major inportance in the enhancement of fibrinolysis 

in patients with liver cirrhosis. 
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GENERiVL DISCUSSION 



GENERAL DISCUSSION 

Concieni-tal emd acquired disarders of fibrinolysis 

Congenital emd acquired disorders of the fibrinolytic system can 

have major clinical effects: either bleeding or thrombo-embolic 

complications. 

A haemorrhagic diathesis due to congenital disorders of 

fibrinolysis has been ascribed to em excess of plasminogen 

activator (1), a decrease of the functional activity of plasminogen 

activator inhibitor (2) or a2-antiplasmln (a2-AP) deficiency (3,4). 

A severe, haemophilia-like bleeding tendency occurs in patients 

with homozygous a2-i^ deficiency. So far only a few patients with 

homozygous a2-i^ deficiency (tiype I and II) have been described (5-

9) . In heterozygous 02-antiplasmin deficiency the clinical 

egression is variable. Our large family study (chapter 3) revealed 

a mild bleeding tendency in only 2 out of 13 heterozygous family 

members (10). In some earlier reported family studies, none of the 

heterozygotes had a bleeding tendency (5,8). On the other hand some 

heterozygotes of other families were admitted to hospital, because 

of a life-long bleeding tendency (11,12). A total of 59 patients 

wi-th heterozygous a2-i^ deficiency have been reported so far: 13 

patients (22%) had a (mild) haemorrhagic diathesis (3,4). We 

conclude that heterozygous 02-antiplasmin deficiency may result in 

a haemorrhagic diathesis, which can be variable in severity. 

Congenitial and acquired disorders of fibrinolysis may be associated 

with thrombo-embolic complications. Recently an inappropriate 

tissue-type plasminogen activator (t-PA) response to venous stasis 

was found in patients with deep venous thrombosis (13,14). 

Decreased levels of t-PA in patients recovering from a first 

myocardial infarction were reported to be associated with 

recurrence of myocardial infarction (15). Increased levels of 

plasminogen activator inhibitor (Pi^) have been reported to 

predispose to the development of acute myocardial infarction (16). 

A familial Increase of histidine-rich glycoprotein has been found 

in families with thrombophilia (17,18). 

It has also been suggested that plasminogen deficiency is 

associated with thronibosis (19,20,21,22). We reported a study of a 

patient wltih a severe thrombotic tendency, in whom only a decreased 

plasminogen activity and antigen was found (chapter 4). This report 
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gives additional Information on the association between plasminogen 

deficiency and thrombosis (23). However, a causal relation between 

plasminogen deficiency and thrombosis is not proven. The 

identification of genetic risk factors for hereditary tihrombophilia 

is mainly based on studies of the hereditary nature of the defect 

and a significant association between the defect emd tihe presence 

of thrombotic disease, eis outlined by Bertlna (24). iU.though 

several reports on plasminogen deficiency associated with 

thrombosis have been published, there is still a lack of adequate 

family studies (25). Although we described a dramatic case history 

on plasminogen deficiency associated with thrombosis (23), family 

studies are required to definitely Identify plasminogen deficiency 

as a risk factor for the development of thrombosis, 

i^ acquired disorder of fibrinolysis is obtiained as a side effect 

during thrombolytic -therapy with plasminogen activators in patients 

with acute myocardial infarction. The aim of the activation of the 

fibrinolytic system is the dissolution of the pathological 

thrombus. However the extensive activation of circulating 

plasminogen into plasmin may result in breakdown of fibrinogen and 

coagulation factors V and VIII in tihe systemic circulation, giving 

a systemic lytic state (26). The clinical relevance of these 

systemic effects is still not cleeur. It has been suggested that the 

systemic effects are of benefit for obtaining recanalization and 

preventing reoccluslon, but they increase the risk of bleeding. In 

a study on the consumption of plasmin inhibitors during 

thrombolytic therapy, we found that the plasminogen binding form of 

a2-AP (PB-a2-i^) plays a critical role in tihe prevention of the 

systemic effects (chapter 5). As long as 20-25 % of PB-a2-AP is 

present in the circulation systemic effects do not occur. Other 

plasmin inhibitors, including the non-plasmlnogen binding form of 

0!2-î  (NPB-Q!2"AP) are not able to prevent systemic effects. We 

conclude that PB-a2-AP seems to be the most importiant plasmin 

inhibitor in the circulation, and may be used as a marker for the 

occurrence of systemic effects during tihrombolytic therapy. 

It is therefore of intierest to study the molecular forms of a2-i^ 

separately. Using a newly developed assay, the different molecular 

forms of 0Î2-AP in plasma and otiher body fluids were studied 

(chapter 6). This revealed that the conversion of the active 

plasminogen binding form Intio the less active non-plasmlnogen 
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binding form of a2-i^ are different processes in vivo and in vitro, 

which is in contradiction with earlier concepts (27). Future 

studies will have to reveal the clinical relevance of the 

conversion of PB-a2-i^ into NPB-02-iVP. 

Fibrinolysis in li-vtar di,̂if«̂i|«. 

Acqulred disorders of fibrinolysis frequently occur in patients 

with liver disease (28). Reviewing the literature on fibrinolysis 

in liver diseeise, we concluded that, although many studies have 

been performed, the mechanism of enhemced fibrinolysis in liver 

disease is still unclear. Early studies have suggested two 

mechemlsms of enhanced fibrinolysis in liver disease: increased 

plasminogen activator activity and reduced inhibition of 

fibrinolysis. 

Recent developments and the discovery of new fibrinolytic proteins 

provide new pi%)ortimities to further characterize the cause of 

enhanced fibrinolysis. 

So far, studies have mainly focussed on single conponents of the 

fibrinolytic cascade. In our studies we Investigated several 

fibrinolytic proteins in a theoretical coherence: the balance 

between pro- emd emtlfibrlnolytlc factors. 

This approach was used to study the levels of histidine-rich 

glycoprotein (HRG) in relation to the levels of plasminogen in 

patients with liver cirrhosis (chapter 7). We found Increased 

levels of HRG in patients wltih mild liver cirrhosis and decreased 

levels in moderate and severe cirrhosis. Previous studies on HRG in 

several groups of patients with liver disease revealed decreased or 

normal levels (29-32). Ifae decrease of HRG in severe cirrhosis was 

previously suggested to result in enhemcement of fibrinolysis (29). 

We found -that due to a concommitant decrease of plasminogen in 

severe liver cirrhosis, "free" plasminogen levels are decreased. 

It is therefore unlikely that the decreased levels of HRG 

contribute to the enhanced fibrinolysis in severe liver cirrhosis 

(33). 

A study of the balemce between tissue-type plasminogen activator 

(t-PA) and its inhibitor (Pi^-1) revealed that antigen levels of 

both proteins were Increased in liver cirrhosis. Ifae antigen levels 

increeised gradually with the severity of the disease. The increase 

of both proteins can be due to a decreased clearance by the liver 
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or an increased syn-thesis (release) by endothelial cells. The 

median activity levels of both t-PA and PAI were not Increased in 

mild or severe cirrhosis. However, the balemce between t-PA 

activity and PAI activity changed in tihe patients with liver 

cirrhosis conpared tio a control group. This resulted in high 

activity levels of t-PA in only a small number of patients. In most 

patients t-PA and PAI Increase concomitantly, resulting in normal 

t-PA activity levels (34,35,36). 

A study on the a2-antlplasmin and plasminogen balance showed 

decreased levels of both proteins, which may be due to a decreased 

synthesis, but may also be due to Increased consunption, especially 

in severe liver cirrhosis (37). As has been outlined in chapter 3 

and 4 of this thesis, deficiencies of both proteins have different 

effects on the rate of fibrinolysis and, accordingly, a different 

clinical outcome. Therefore we studied in vitro the net effect of a 

decrease of both 02-AP and plasminogen on the rate of 

fibrinolysis. This revealed that an equal decrease in both proteins 

resulted in an increased rate of fibrinolysis. With regard to the 

above mentioned studies in patients with liver cirrhosis, we 

conclude that: 

1. HRG levels are not important in the mechanism of enhanced 

fibrinolysis in liver cirrhosis. 

2. Increased t-PA activity, due to extremely high levels of t-PA 

or an inappropriate inhibition by Pi^, may result in enhanced 

fibrinolysis in some patients with liver cirrhosis. 

3. A decrease of a2-i^, vrtiich we found in all patients with 

liver cirrhosis, plays a role in enhanced fibrinolysis in 

liver cirrhosis. 

4. Since the changes in fibrinolysis, especially in the t-PA and 

Pi^-1 balance, are strongly individually variable and not, 

for example, dependent upon the severity of the disease, we 

propose that the patients should be evaluated as individuals 

rather them as groups. 

5. Some of these patients may be at risk for bleeding, 

especially during surgery or biopsy. This seems most likely 

in patients with high t-PA activity levels associated with 

decreased QÎ2-AP levels, or patients with extreme low Q!2-AP 

levels. Those patients should be treated pre-operatlvely or 

in case of bleeding. The first cSioice is substitution with 
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fresh frozen plasma. In ceise of primary fibrinolysis, without 

evidence of dlssemlnatied Intiravascular coagulation, treatment 

with fibrinolysis inhibitors, such as epsilon-amino caproic 

acid or tranexamic acid can be considered. 
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SDHMARY 

This thesis comprises studies on congenitial emd acquired disorders 

of fibrinolysis, with emphasis on the changes in fibrinolysis 

variables in patients with liver cirrhosis. 

In chaptier 1 evidence for the relevemce of the fibrinolytic system 

for normal haemosteisls is briefly summarized. Examples of 

congenital disorders of fibrinolysis show that fibrinolytic 

disorders cem have two different clinical outcomes: em Increased 

fibrinolysis may lead -to a bleeding tendency, whereas a decreased 

fibrinolysis can result in thrombo-embolic complications. In 

addition the objectives of the study are stated in this chapter. 

In chapter 2 the {diysiology of fibrinolysis is reviewed, in 

particular the role of tihe liver in the regulation of 

fibrinolysis. The last part of the chapter is a review of the 

literature on fibrinolysis in liver disease. 

In chapter 3 a family with congenital heterozygous 02-antiplasmin 

deficiency is reported and the clinical outcome of em 0 2 -

antiplasmln deficiency is described. Thirteen family menibers were 

heterozygotes, deficient for 02-antiplasmin. Two of these patients 

had a mild haemorrhagic diathesis, presenting as bleeding episodes 

after tooth extraction and after surgery and, in one patient as 

excessive menstruation. Botih a2-antiplasmin activity emd antigen 

levels in the heterozygotes were about 60 % of normal. The 

plasminogen emd fibrin binding properties of tihe a2-antiplasmin 

molecule were normal. We concluded tihat the deficiency in this 

family is caused by a decreased synthesis of a normal 02-

emtlplasmln molecule. 

In chapter 4 a case history of a patient with recurrent deep venous 

thrombosis is presented. Laboratory Investigations on risk factors 

for thrombosis revealed no abnormality, except for a plasminogen 

activity and emtlgen level of about 40 % of that of normal pooled 

plasma. The plasminogen molecule was apparently normal as 

demonstrated by a normal activation by tissue-type plasminogen 

activator, electrophoretic mobility on crossed immunoelectro

phoresis, molecular weight and binding -tio lysine-Sepharose. We 

proposed that the deficiency in this patient is due to a decreased 

synthesis of a normal functioning plasminogen molecule, emd that 
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this is associatied with an Increased tendency to venous 

thrombosis. 

In chapter 5 a study on the consunption of plasmin inhibitors 

during thrombolytic therapy in patients witih acute nyocardial 

infarction is described. The aim of tihe study was to delineate the 

role of the two molecular forms of »2-antiplasmin in the prevention 

of systemic effects during -thrombolytic therapy. These systemic 

effects are due to the proteolytic degradation of clotting factors, 

including fibrinogen. Factor V and VIII, by plasmin in the 

circulation. This study revealed that no systemic effects occured 

as long as more than 20% of the plasminogen binding form of 02-

antiplasmln was present in the circulation. It was also 

demonstrated tihat the non-plasmlnogen binding form of 0 2 -

antiplasmln played no role in the control of systemic effects. In 

addition we found that the other studied plasmin inhibitors could 

not prevent fibrinogenolysis. We concluded that the plasminogen 

binding form of 012'̂ '̂ ^̂ P̂ ^̂ "̂"̂ '̂  ̂ ^ ^° ^^ consumed before systemic 

effects can occur. The plasminogen binding form of 02-antiplasmin 

may therefore be used as a marker for systemic effects during 

thrombolytic therapy. 

In chapter 6 we described a study of the different molecular forms 

of a2-antiplasmin, using a newly developed method. In -this 

investigation we found indications that the conversion of the 

plasminogen binding form into the non-plasminogen binding form of 

a2-antiplasmin in vivo is different from the conversion in vitro. 

In chapter 7 and 8 the results of studies on the balance between 

pro- and antifibrinolytic factors in liver cirrhosis are 

described. In chapter 7 a study is presented on the role of 

histidine-rich glycpprotein (HRG), em inhlbltior of fibrinolysis, 

in enhanced fibrinolysis in patients with liver cirrhosis. The 

study showed that HRG is increased in patients with mild liver 

cirrhosis, compared to a control group. HRG is decreased in 

patients with moderate and severe liver cirrhosis. This decrease 

is accompanied by a decrease in the levels of total plasminogen in 

blood. The net effect is a decrease of the amount of "free" 

plasminogen in patients with severe liver cirrhosis. We therefore 

conclude that the decrease of HRG in blood of patients with liver 

cirrhosis is not of importance in the pathogenesis of enhanced 

fibrinolysis in tihese patients. 
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In chapter 8 we described studies on the balance between pro- and 

antifibrinolytic factors in patients with liver cirrhosis at two 

levels of the fibrinolytic mechemism: tissue-type plasminogen 

activator (t-PA) and plasminogen activator inhibitor (PAI-1), and 

plasminogen and a2-emtlplasmln. iVltihough both t-PA and PAI-1 

antigen are increased in patients with liver clrrrhosis, the 

balance between these two proteins is altered. Median activity 

levels of t-PA emd PAI are not increased in patients with mild or 

severe cirrhosis, as conpared to a control group. In a few patients 

the shift in balance between t-PA emd Pi^-1 results in increased 

fibrinolytic activity. In all patients with liver cirrhosis the 

levels of both plasminogen and a2-antlplasmln are decreased. We 

mimicked this situation in vitro in clot lysis experiments, and 

found that em equal decrease in plasminogen emd 02-antiplasmin 

results in an enhemcement of fibrinolysis. This study shows that 

several changes occur in the fibrinolytic mechanism in patients 

with liver cirrhosis. Since these changes, especially in the t-PA 

and Pi^-1 balance, are individually variable emd not, for example, 

dependent upon the severity of the disease, patients should be 

evaluated as individuals rather than as groups. It is concluded 

that an Increased t-PA activity in some patients and decreased 

levels of 02-êmtiplasmin in all patients play a major role in tihe 

enhemcement of fibrinolysis in patients with liver cirrhosis. 
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SAHBtVATTING 

Dit proefschrift omvat een aantal studies naar aangeboren én 

verworven afwijkingen van de fibrinolyse. De nadruk wordt daarbij 

gelegd pp de veremderingen in fibrinolyseparameters bij patiënten 

met levercirrose. 

In hoofdstuk 1 wordt het belang van de fibrinolyse voor het normaal 

functioneren van het haemostasemechanisme kort ultigelegd. 

Afwijkingen in de fibrinolyse kunnen zich op twee manieren uiten: 

een te snelle fibrinolyse kem lelden tiot een bloedingsneiging, 

terwijl een te langzame fibrinolyse kan lelden tot thrombo-

embolische complicaties. Tevens worden de doelstellingen van de 

studie besproken. 

In hoofdstuk 2 wordt de fysiologie vem de fibrinolyse kort 

beschreven, met nadruk op de rol van de lever in de regulatie van 

de fibrinolyse. Het laatste deel van dit hoofdstuk geeft een 

overzicht vem de literatuur over fibrinolyse bij patiënten met 

leverzlékten. 

In hoofdstuk 3 wordt een familie met een heterozygote Q!2~ 

antlplasmlne deficiëntie beschreven. iVan de hand van dit 

familieonderzoek worden de klinische gevolgen van de deficiëntie 

getoond. In deze familie waren 13 leden heterozygoot deficiënt voor 

a2-antiplasmine. Twee hadden een milde haemorrhagische dia-these, 

die zich uitte in langdurige bloedingen na kiesextractles en 

operatieve ingrepen en bij één patlente in een overvloedige 

menstiruatie. Zowel de a2-antiplasmine activiteit als concentratie 

was ongeveer 60 % van normaal. De plasminogeen- en fibrinébindende 

functies van het a2-antiplasmine molecuul waren normaal. Wij 

concluderen dat de deficiëntie bij deze familieleden wordt 

veroorzaakt door een verminderde synthese van een normaal 

functionerend a2-antiplasmine molecuul. 

In hoofstuk 4 wordt de ziektegeschiedenis beschreven van een 

patiente met een ernstige thrombosenelging. Het oriënterend 

haemostiaseonderzoék naar risicofactoren voor thrombose leverde 

geen bijzonderheden op, behoudens een plasminogeen activiteit en 

concentiratle van ongeveer 40 % van normaal. Het plasminogeen 

molecuul leek een normale functie te hébben, zoals bleek uit een 

normale activatie door weefsel-plasminogeenactlvator, een normale 
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mobiliteit bij Immuno-electrophorese, een normaal molecuulgewicht 

en een normale binding aan lysine-Sepharose. Wij concluderen dat 

de deficiëntie bij deze patlente wordt veroorzaakt door een 

verminderde synthese van een normaal functionerend plasminogeen 

molecuul en dat dit geassocieerd is met een verhoogde neiging tot 

diepe veneuze thrombose. 

In hoofdstuk 5 werd een onderzoek beschreven naar het verbruik van 

plasmineremmers tijdens thrombolytische tiheraple bij patiënten met 

een acuut myocardinfarct. Het doel vem de studie was te 

onderzoeken het belang vem de verschillende moleculaire vormen van 

a2-emtiplasmlne bij het voorkómen van systemische effecten, i.e. 

fibrinogenolyse, gedurende thrombolytische therapie. Uit deze 

studie komt naar voren dat zolang meer dan 20 % van de 

plasminogeen-bindende vorm van a2-antiplasmine in het bloed 

aemwezig is, geen fibrinogenolyse optreedt. Tevens blijkt uit deze 

studie dat geen van de andere bestudeerde plasmineremmers, 

waaronder de niet-plasminogeenbndende vorm van a2-antlplasmine in 

staat is fibrinogenolyse te voorkómen. Wij suggereren dat de 

plasminogeenbindende vorm van 02-antlplasmlne moet worden 

verbruikt, voordat fibrinogenolyse kan optreden en dat de 

plasminogeenbindende vorm van a2-antiplasmlne gebruikt zou kunnen 

worden als nieuwe maat voor het optreden van systemische effecten 

gedurende thrombolytische therapie. 

In hoofdstuk 6 wordt een studie beschreven naar de verschillende 

moleculaire vormen van 02-antlplasmlne, die bestudeerd zijn met een 

nieuw ontwikkelde methode. 

In deze studie worden aanwijzingen gevonden dat de in vivo 

omzetting van de plasminogeenbindende vorm naar de nlet-

plasmlnogeenbindende vorm van a2-antlplasmine een ander proces is 

dan de omzetting in vitro. 

In hoofdstuk 7 en 8 worden de resultaten beschreven van studies 

naar de balans tussen pro-en antifibrinolytische factoren bij 

patiënten met verschillende ernst van levercirrose. In hoofdstuk 7 

wordt het onderzoek beschreven naar de rol van histidine-rijk 

glycoproteïne (HRG), een remmer van de fibrinolyse, in het optreden 

van een versnelde fibrinolyse bij patiënten met levercirrose. Het 

onderzoek toonde aan dat HRG is verhoogd bij patiënten met een 

milde levercirrose in vergelijking met een controle groep. 

Daarentegen is HRG verlaagd bij patiënten met matig ernstige en 
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ernstige levercirrose. Deze verlaging gaat samen met een verlaging 

vem de totale plasminogeen concentraties bij deze patiënten. Het 

netto effect is een verlaging van de hoeveelheid "vrij" 

plasminogeen bij patiënten met ernstige levercirrose. Wij 

concluderen hieruit dat veremderingen in HRG in bloed van patiënten 

met levercirrose niet van belang zijn in de Pathogenese van 

versnelde fibrinolyse bij deze patiënten. 

In hoofdstuk 8 wordt onderzoek beschreven naar de balans van de 

fibrinolyse op het niveau vem weefsel-plasminogeenactlvator (t-PA) 

en plasmlnogeenactlvator-remmer (PAI), alsmede op het niveau van 

plasminogeen en a2-emtlplasmlne bij patiënten met levercirrose. 

Bij patiënten met levercirrose blijkt, ondanks het feit dat de 

concentratie van zowel t-PA als Pi^-l toeneemt, de balans tussen 

deze belde te veremderen. De mediaan van de t-PA en PAL activiteit 

is niet verhoogd bij patiënten met levercirrose. Bij sommige 

patiënten leidt de veremdering in de t-PA-PAI-1 baleins tot 

verhoogde fibrinolytische activiteit. Bij alle patiënten met 

levercliTose is zowel de hoeveelheid plasminogeen als 0 2 -

antiplasmine in bloed verlaagd. Met behulp vem stolsel-lysis 

e;q>erimenten in vitro toonden wij aan dat een evenredige daling van 

plasminogeen en a2-antlplasmine in plasma, zoals wordt gevonden bij 

patiënten met levercirrose, tot gevolg heeft dat de lyslstijd van 

het stolsel wordt verkort. Deze studie toont aan dat diverse 

veranderingen optreden in de fibrinolyse bij patiënten met 

levercirrose. Omdat deze veranderingen, met name in de t-PA-Pi^ 

balans, individueel erg variabel zijn, en bijvoorbeeld niet 

afhankelijk zijn van de ernst van de ziekte, vinden wij dat 

patiënten moeten worden bestudeerd als individu en niet als groep. 

Wij concluderen dat de verhoogde t-PA activiteit in sommige 

patiënten en de verlaagde concentraties van a2-antlplasmine in alle 

patiënten de belangrijkste rol spelen in het mechanisme van een 

versnelde fibrinolyse bij patiënten met levercirrose. 
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